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PREFACE
This thesis is an outgrowth o f a collaborative study, recently  
completed at the University of Montana (D u ffie ld , et a l . ,  1982), of the 
demand fo r Northern Great Plains' (NGP) coal. The author's primary 
responsib ilit ies  in th is study numbered four: (1) developing a 
methodology for defining a completely bounded spatial market region for  
NGP coal, (2) assisting in empirically estimating that market, (3) fo re ­
casting e le c tr ic  generation in the market region, and (4) developing and 
integrating computer programs to develop f in a l NGP coal forecasts.
This work has been assembled herein as a thesis around the 
unifying theme of defining the e le c tr ic  u t i l i t y  market for NGP coal. 
Where the author has drawn spec if ica lly  on the work of others involved 
in the collaborative study, reference and cred it are acknowledged.
m
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Chapter I  
INTRODUCTION
The central issue that th is thesis addresses is the e ffe c t  
e le c t r ic i ty  demand growth w il l  have on the production of coal in the 
Northern Great Plains (NGP) coal province. This province includes the 
Fort Union Coal Reserve and Powder River Basin in Montana, Wyoming, North 
Dakota, and South Dakota. E le c tr ic ity  demand is focused upon because a 
predominant share of the current NGP coal production is used by e le c tr ic  
u t i l i t i e s  (as opposed to export, synthetic gas, or industria l uses).
An analysis of this issue is multifaceted and involves f i r s t ,  
delineating a coal market region in which NGP goal can be competitively  
marketed v is -à -v is  coal from some other supply region. Once this coal 
market region is defined, i t  remains to generate a range of possible 
e le c tr ic i ty  demand growth rates fo r the region. The forecasts of 
e le c t r ic i ty  demand are then tempered by information on in trafuel and 
in terfuel substitution to arrive  at f in a l forecasts of NGP coal 
production.
Thesis Outline
The objective of Chapter 2 is to define a completely bounded 
NGP coal market region in which NGP coal is the most cost e ffec tive  
coal choice for use by e le c tr ic  u t i l i t i e s .  A sim plified spatial 
market model is used to th is end and incorporates information on
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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regional coal prices, coal transportation costs, and c o a l-f ire d  e le c tr ic  
generating plant capital costs. The resu lt is a completely bounded NGP 
coal market region for each of the years 1990, 2000, and 2010.
Because the boundary developed in Chapter 2 is comprised of 
continuous or smooth functions, a large number o f states in the region 
are bisected by the boundary, resulting in only a portion of a sta te 's  
total geographic region fa l l in g  in the NGP coal market region. Because 
the e le c t r ic i ty  demand forecasts in th is study are fo r en tire  states, 
i t  was necessary to develop a method that id e n tif ied  the percent of a 
to ta l sta te 's  e le c t r ic i ty  demand that corresponded with the physical 
geographic portion of each state fa l l in g  in the NGP coal market. The 
method used in Chapter 3 involved proxying the portion o f a s ta te 's  
geographic region in the NGP coal market region with the population and 
location of standard metropolitan s ta t is t ic a l  areas (SMSAs) in each 
state . Underlying th is solution is the im p lic it  assumption that the 
location of re s id en tia l,  commercial, and industria l e le c t r ic i ty  demand 
is closely tied to the location of SMSAs. Forecasts of population 
values fo r SMSAs existing a t the time of the 1980 decennial census 
were required for the forecast years 1980, 2000, and 2010.
Chapter 4 develops e le c t r ic i ty  demand forecasts for this study. 
Because forecasts of to ta l e le c t r ic i ty  demand by state were required, 
the well known Oak Ridge National Laboratory's State Level E le c tr ic i ty  
Demand (SLED) forecasting model was adopted. With this model, e le c t r i ­
c i ty  demand forecasts were developed for the re s id en tia l,  commercial, 
and industrial sectors. Inputs into the forecasts included values for
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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re a l -e le c t r ic ,  -natural gas, and -coal prices as well as values fo r  per 
capita income and population variables.
Because of lim itations of the Oak Ridge National Laboratory's 
SLED model, a number of other forecasts were reviewed fo r purposes of 
comparison. This included a recent U.S. Department of Energy's 
e le c t r ic i ty  demand forecast. While the Oak Ridge National Laboratory's 
SLED model provided a range of e le c t r ic i ty  demand forecasts, i t  was of 
in terest to place an in tu it iv e ly  appealing upper and lower bound on the 
range of uncertainty in e le c tr ic  demand growth rates. An upper range, 
or ce iling  forecast, is probably provided by the National E lectric  
R e lia b i l i ty  Council's 1980-1990 forecast of net e le c tr ic a l energy 
generated. The lower range, or f lo o r forecast, was developed by f i t t in g  
a lo g is tic  function to h is toric  to ta l e le c t r ic i ty  demand in the NGP 
coal market region. This function is p a rt ic u la r ly  appealing i f  one 
assumes that there exists a saturation l im it  to growth in e le c t r ic i ty  
demand.
From the e le c t r ic i ty  demand forecasts generated and reviewed in 
Chapter 4, i t  was evident that state level conservation policies and 
programs were completely ignored. Chapter 5 attempts to provide some 
evidence of the potential fo r  cost e ffective  conservation in the market 
region. Although not in the mainstream of the analysis in th is study. 
Chapter 5 explores an important issue in long-range forecasting that 
the more conventional models reported in Chapter 4 ignore; s p e c if ic a l ly ,  
conservation analysis relates to the r e l ia b i l i t y  of the f loor growth 
rate in e le c t r ic i ty  demand discussed above. To th is end, macroanalysis 
of the conservation potential proffered by the Solar Energy Research 
In s t itu te  and the Bonneville Power Administration is b r ie f ly  reviewed.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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In addition, microanalysis of the potential fo r  cost e ffe c tiv e  
residentia l energy conservation is developed. F in a lly ,  this chapter 
provides a terse analysis of the d is tr ib u tiv e  impacts of the federal 
residential energy tax c red it  program, and a review of state level 
conservation programs and policies that recently have emerged. This 
chapter id e n tif ies  several important areas fo r fu rther research.
In Chapter 6, the findings of the previous chapters are 
synthesized to develop f in a l NGP coal forecasts fo r three Oak Ridge 
National Laboratory SLED e le c t r ic i ty  demand scenarios. In order to 
generate these coal forecasts, i t  was necessary to make assumptions 
regarding in terfuel substitution between the NGP coal and hydro, o i l ,  
gas, and nuclear e le c tr ic  generation in the NGP coal market region. 
F in a lly ,  the NGP coal forecasts are contrasted to recent forecasts by 
two other sources: the U.S. Department of Energy and ICF, Incorporated.
This thesis evolved from a collaborative e f fo r t ,  on the part of 
a research group at the University of Montana, to forecast the tota l NGP 
coal production (D u ffie ld , et a l . ,  1982). This author has, in several 
instances, drawn upon the e ffo rts  of some of these other partic ipants.
In p articu la r , the data inputs to the spatial market model in Chapter 
2 were provided by Brad Harr. The solution in Chapter 2 (Appendix B) 
was developed by Dr, John D uffie ld . In Chapter 6, the in terfuel  
substitution assumptions fo r o i l ,  gas, and nuclear were provided by Don 
Snow.
The balance of the spatial market analysis in Chapter 2 was 
developed by th is author as were a l l  of Chapters 3, 4, and 5. In 
addition, the primary responsib ility  of th is author in the collaborative
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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study was the development and integration of the FORTRAN computer 
programs. Each chapter of th is thesis required a t least one computer 
program although programs fo r Chapters, 2, 3, and 4 only are attached 
(Appendices A, C, and D).
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Chapter 2 
THE NGP SPATIAL MARKET MODEL
The demand fo r NGP coal largely depends on the demand fo r  
e le c t r ic i ty .  Over 90 percent of the NGP coal production is used by 
co a l-f ire d  e le c tr ic  generating plants. The balance prim arily is 
consumed in the industrial sector (D u ffie ld , e t a l . ,  1982). Other uses 
of NGP coal may develop in the future including export demand and 
synthetic fuels production. The focus in th is study is on the demand 
for coa l-f ired  e le c tr ic  generation, thus an important f i r s t  step in 
projecting NGP coal production requires defining a market region 
where NGP coal can be used economically fo r co a l-f ired  e le c tr ic  
generation.
The market area is defined such that NGP coal is the least 
cost coal over the l ife t im e  of a new 500-MW co a l-f ire d  power p lant.
The analytic approach derives from the theory of spatial markets as 
described in Hyson and Hyson’ s (1950) "The Economic Law of Market Areas" 
and as applied to coal use (Watson, 1972; Montana University Coal 
Demand Study Team, 1976; Campbell and Hwang, 1978). This approach uses 
continuous functions--hyperbolic curves—to establish a market boundary 
between two competing coal supply regions. By comparing the costs of 
using NGP coal versus coal from each of seven non-NGP coal supply 
regions, a completely bounded NGP coal demand region is generated.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
7
Chapter 6 presents the estimated NGP coal demand within the 
id en tif ied  market area. This chapter discusses the geographic market 
modeling theory and assumptions, and the analytical and mathematical 
methodology. I t  provides the assumed values fo r input parameters 
necessary to define an NGP market boundary in each of three forecast 
years: 1990, 2000, 2010.
Modeling Theory and Assumptions
The spatial theory of market areas states that a market boundary 
can be defined between two competing suppliers such that a t each point 
on the boundary a buyer is in d iffe re n t as to the source of supply. On 
e ith er side of the boundary, one of the producers has a cost advantage. 
The theory is applicable to coal markets because of the importance of  
transportation costs and the regional differences in minemouth coal 
prices. When using the theory to id e n tify  the NGP e le c tr ic  u t i l i t y  cost 
market area, a boundary is defined in terms of the to ta l cost of 
generating e le c tr ic i ty  from a given coal. Total generating costs are 
used instead of coal prices so that important cost differences 
associated with using a specific coal fo r  power generation are captured. 
Total generating costs include FOB mine price , regional coal 
transportation rates, power plant costs, and pollution control costs.
The intent of th is modeling e f fo r t  is to define the market area 
for NGP coal by comparing the costs of using NGP coal and some other 
non-NGP coal source but not address a l l  the considerations and variables  
that u t i l i t i e s  and public agencies must account fo r when permitting and 
s it ing  coa l-f ired  e le c tr ic  generating plants. U t i l i t y  s it ing  decisions.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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for example, are based on a number of factors including water 
a v a i la b i l i t y ,  proximity to load centers, transmission grids and ra i l  
l in e s , and local a i r  quality  regulations. They generally are s ite  
specific decisions which are made in conjunction with the decision 
to use coal as a fu e l.  The s ite  specific  factors in the real world
market w il l  cause discontinuities in the market boundary function.
As these s ite  specific factors become more important, the NGP market 
model derived here w il l  become less accurate.
In this analysis, six assumptions about the model power plant 
and coal supply regions are made:
1. A u t i l i t y  w il l  build a base load co a l-f ired  power plant and 
base i ts  coal choice on a l i fe t im e  least cost analysis.
2. The power plant w il l  have a 500 MW capacity (net) and a
base load l ife t im e  capacity factor of 55 percent (.65 x 8,760 hours =
5,694 hours fu l l  load equivalent per year).
3. The seven alternate coal supply regions included in the
analysis are I l l in o is ,  Texas, New Mexico, Colorado, Utah, South Wyoming, 
and Washington. The coal supply regions are id en tif ied  by a single 
point: the coal supply center.
4. A supply region's coal is characterized by i ts  heat ra te ,
BTU content, and percent su lfu r. Prices are based on current long-term 
contract prices escalated over the l i f e  of the plant.
5. All coal is transported by unit tra in  in the model. The 
existing ra i l  network is complete enough to allow uniform d is tr ib u tio n .
6. The a lte rn a tive  methods are available for forecasting 
market boundaries, such as linear and quadratic programming techniques.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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but they have much greater data requirements and demand considerably 
more mathematical sophistication.
The NGP Coal Market Model :
Economic and Mathematical
Structure
The NGP coal market model generates a boundary between the NGP 
coal supply region and each of seven other coal supply regions. The 
analytical methodology required to construct one such curve is reviewed 
in the following four-step algorithm (the computer program fo r market 
boundaries in Appendix A itera tes  through these four steps seven times, 
once fo r each boundary).
Basically, the market boundary (Appendix B) is developed in the 
following manner. Starting at the two competing coal supply centers, 
the annual fixed costs related to the consumption of each region's coal 
type are computed and include capital costs, coal production costs, and 
fixed transportation costs. Next, with the annual coal requirement 
(tons) for a 500-MW plant, to ta l variable transportation costs fo r each 
coal type are computed by moving the annual coal requirement in the 
direction of the opposing coal supply region. Assuming the market 
boundary lies  between the two competing coal supply regions, the 
intersection point of the boundary and a stra ight l in e  connecting the 
two regions is found such that the to ta l costs (fixed and variable)  
associated with using each coal type are equal. Other points on the 
market boundary are determined in a s im ilar manner.
1. The quantity of coal required fo r the annual operation of 
a model coa l-f ired  e le c tr ic  generating plant is computed. This 
calculation is performed twice, once fo r the NGP coal ( i  = 1 )  and
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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once fo r  coal from one of the other non-NGP coal supply regions
(i = 2, 7 ) .  Equation [1 ] follows:
Tons^ = (MW • T • 1000 • HR^)/(HC^ • 2000), [1 ]
where i = the subscript identify ing a coal supply region.
Tons. = the quantity of coal, in tons, from source i
 ̂ required fo r the annual operation of a co a l-f ire d
power plant of size MW,
MW = the generating capacity of the power plant in 
megawatts,
I  = the equivalent number of hours per year that a 
power plant operates at fu l l  capacity,
HR. = the heat rate of a power plant using coal from
 ̂ source i in BTU/kwh, and
HĈ  = the heat content of coal from source i in BTU/lb.
2. With the coal tonnage estimates from equation [ 1 ] ,  annual
fuel costs and fixed transportation costs are computed by means of
equation [2 ] .  Although to ta l variable transportation costs appear in 
th is equation, they are not computed until a l l  production and capital 
costs are known,
F Cost^ = (CP  ̂ + FTC  ̂ + (VTC  ̂ • DIST^)) • Tons^, [2 ]
where i = as previously defined,
Tons^ = as previously defined,
F Cost. = the sum of fixed and variable transportation and
 ̂ production costs,
CP̂  = coal prices in dollars per ton,
FTĈ  = fixed transportation costs in dollars per ton,
VTC. = variable transportation costs in dollars per ton 
 ̂ per a i r  m ile , and
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DIST.1 the distance, as the crow f l i e s ,  from each coal supply region i to the point on the s tra ig h t l in e  
connecting the two supply regions that intersects  
the market boundary.
3. Equation [3 ] computes the annualized costs (P Cost), capital 
and operating, for the power plant and includes the base plant costs and
sulfur dioxide costs. This calculation is specific to a co a l-f ired
generating plant using coal from source i .
P Cost^ = (K Cost^ • 1000 • MW • Rate^) + (OP  ̂ • 1000 • MW • I ) ,  [3 ]
where K Cost^ = capital costs in $/kw,
Rate^ = rate of annualization of K Cost,
OP̂  = additional operating costs in $/kwh,
T = as previously defined, and
i = as previously defined.
4. Equation [4 ] computes the to ta l cost (TOTCOST^) of burning coal 
from source i at distance DIST^ from the coal supply source.
TOTCOST. = [(CP. + FTC.) • Tons. + P Cost.]
+ (VTC  ̂ • Tons^) • DIST^, 
where a l l  variables are as previously defined.
14]
A lternate ly , equation [4 ] equals
TOTCOST. = a. + b. DIST. ,
1  X  X  X
where a  ̂ = [(CP^ + FTC^) • Tons^] + P Cost, and
bi = (VTC  ̂• Tons.) • (DIST^).
[5 ]
At the market boundary, TOTCOST = TOTCOST and,
NGP N o n -N G P
therefore, DIST^ can be computed using equations [6 ] and [7 ] .
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TOTCOST  ̂ = DIST^ [6 ]
and
TOTCOST^ = ' (DISTAB -  D IS I^ j^  [ y j
where DIST = the s tra ig h t- l in e  distance from the NGP
coal supply center to the point of 
intersection with the market boundary,
DISTAB - DIST = the corresponding distance but with
reference to the non-NGP coal supply 
region (DIST^), and
DISTAB = the sum of DISTi and DISTo, the s tra ig h t- l in e  
distance from the NGP coal supply region to 
the non-NGP coal supply region (DISTAB is 
summarized in Table 1J.
Solving equations [6] and [7 ] generates only one pair of coordinates on 
the market boundary; i t  remains to compute a s u ff ic ie n t  number of 
additional coordinates to delineate a market boundary between the two 
supply regions.
Several d if fe re n t mathematical approaches ex is t to compute the 
locus of points that make up the market boundary. The choice of a 
solution is determined by the degree of the polynomial equation in 
equations [6] and [7 ] .  Campbell and Hwang (1978) used the Newton-Raphson 
solution which is discussed in texts on numerical analysis (Blum, 1972; 
Pollard, 1977). Their choice is a consequence of the quadratic 
specification of equations [6 ] and [7 ] in th e ir  work. Because the 
specification of equations [6] and [7] in th is study is l in e a r ,  a 
straightforward algebraic solution exists to derive the locus of points 
that make up the market boundary. The solution used in this study is 
detailed in Appendix B. With this solution algorithm, a market boundary 
(Fig. 1) is generated.
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Seven Alternative Coal Supply Regions Included in the
NGP Coal Market Model
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A ir miles 
from 




Powder River G i l le t te ,  WY 0 0 0 N/A
Washington C entra lia , WA -810 +331 875 158
Green River Superior, WY -197 -154 250 218
Green River Hayden, CO -102 -258 278 248
Uni ta Huntington, UT -333 -307 453 223
San Juan Farmington, NM -208 -511 552 248
Texas Emory, TX 482 -832 961 300
Midwest Centralia , IL 847 -423 947 334
As an example, angle 0 for C entra lia , I l l in o is  was computed as 
the inverse cosine of the y coordinate (-423) divided by the a i r  miles 
from G i l le t te ,  Wyoming (947). The resu lt added to 270°.
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Market Boundary 
Convex to the NGP Center
DISTDIST
947, 0 
C entra lia , I l l in o isG i l le t te ,  Wyoming
DISTAB, 0
Figure 1. Standard position boundary.
Y




Figure 2. Translated boundary
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In that each market boundary was i n i t i a l l y  computed in the 
f i r s t  and fourth quadrants, new coordinates (vectors) fo r each point on 
the market boundary were computed by rotating the standard basis 






where the and coordinates correspond with Figure 1 and
the and coordinates correspond with Figure 2 (Grossman, 
1977).
F in a lly ,  by ite ra t in g  through equations [1] through [8 ] fo r each 
of the seven alternate coal supply regions, a completely bounded domestic 
NGP coal market region is generated. Appendix B describes the approach 
used in this study to generate the X̂  and Ŷ  coordinates in equation [8 ] .  
Appendix A provides the computer code (FORTRAN) used in this analysis.
(Note: the solution in Appendix B was developed by Dr. John D u ff ie ld .)
Input Parameters and Resulting Market Boundaries
The parameters l is ted  in equations [1] through [5 ] must be
assigned specific values in order to develop market boundaries. Because 
a u t i l i t y  incurs costs over the l i f e  of a co a l-f ire d  p lant, some costs 
must be forecast for each year that a coal forecast is desired. Table 2 
l is ts  the parameters required to generate a market boundary. Tables 3 
through 5 contain the actual data used to generate three market boundaries, 
one boundary for each of three forecast years: 1990, 2000, 2010. The
column headings define the opposing coal supply region while the rows
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Table 2





1 A and B Power plant size (net MW).
2 A and B Hours operated at fu l l  load (hours).
3 A Power plant heat rate (8TU/kwh).
4 A Coal heat content (BTU/lb).
5 8 Power plant heat rate (BTU/kwh).
6 8 Coal heat content (8TU/lb).
7 A Power plant capital cost ($/kw).
8 8 Power plant capital cost ($/kw).
9 A and 8 Fixed charge rate (decimal).
10 A Operating and maintenance costs (m ills/kwh).
11 8 Operating and maintenance costs (m ills/kwh).
12 A F08 mine price ($ /to n ).
13 8 F08 mine price ($ /to n ).
14 A Fixed transportation cost ($ /to n ).
15 8 Fixed transportation cost ($ /ton ).
16 A Variable transportation costs ($/ton a i r  m ile ).
17 8 Variable transportation costs ($/ton a i r  m ile ).
18 A and 8 Straight l in e  distance between A and 8 (m iles).


































Input Parameters fo r  the Year 1990 Market Boundaries (Base 1980)
Line
no.* Colorado Illino is New Mexico Texas Utah Washington SW Wyoming
1 500.0 500.0 500.0 500.0 500.0 500.0 500.0
2 5,694.0 5,694.0 5,694.0 5,694.0 5,694.0 5,694.0 5,694.0
3 10,486.0 10,058.0 10,564.0 10,251.0 10,486.0 10,486.0 10,486.0
4 8,660.0 8,660.0 8,660.0 8,660.0 8,660.0 8,660.0 8,660.0
5 10,341.0 10,204.0 10,564.0 11,045.0 10,197.0 10,486.0 10,341.0
6 10,700.0 10,500.0 10,000.0 6,300.0 11,500.0 8,100.0 10,500.0
7 973.0 849.0 920.0 764.0 973.0 973.0 973.0
8 936.0 884.0 920.0 992.0 899.0 876.0 936.0
9 0.07410 0.07410 0.07410 0.07410 0.07410 0.07410 0.07410
10 .00508 .00479 .00503 .00476 .00508 .00508 .00508
11 .00503 .00621 .00503 .00529 .00500 .00586 .00503
12 9.77 9.77 9.77 9.77 9.77 9.77 9.77
13 20.48 24.60 17.76 16.65 23.11 32.18 19.30
14 1.68 1.68 1.68 1.68 1.68 1.81 1.68
15 1.81 4.42 1.68 1.68 1.81 1.68 1.68
16 .0238 .0248 .0256 .0256 .0238 .0306 .0238
17 .0257 .0248 .0256 .0256 .0257 .0238 .0238
18 278.0 947.0 552.0 961.0 453.0 875.0 250.0
1 = net MW (A and B), 2 = hours (A and B), 3 = BTU/kwh (A), 4 = BTU/lb (A), 5 = BTU/kwh (B), 6 =
BTU/lb (B), 7 = $/kw (A), 8 = $/kw (B), 9 = fixed charge {%) (A and B), 10 = operation and maintenance
mills/kwh (A), 11 = operation and maintenance mills/kwh (B), 12 = $/ton (A), 13 = $/ton (B), 14 = $/ton (A),
15 = $/ton (B), 16 = $/ton a ir  mile (A), 17 = $/ton a ir  mile (B), 18 = distance (A and B).
Source:
John D u ff ie ld , e t a l . ,  1982, Projections of Coal Demand from the Uorthem Great Plains Through the
Year 2010, Surface Mining Grant No. G5105076, Office o f Surface Mining, U.S. Department o f the In te r io r ,































Input Parameters fo r  the Year 2000 Market Boundaries (Base 1990)
Line
no.* Colorado Illino is New Mexico Texas Utah Washington SW Wyoming
1 500.0 500.0 500.0 500.0 500.0 500.0 500.0
2 5,694.0 5,694.0 5,694.0 5,694.0 5,694.0 5,694.0 5,694.0
3 10,486.0 10,058.0 10,564.0 10,251.0 10,486.0 10,486.0 10,486.0
4 8,660.0 8,660.0 8,660.0 8,660.0 8,660.0 8,660.0 8,660.0
5 10,341.0 10,204.0 10,564.0 11,045.0 10,197.0 10,486.0 10,341.0
6 10,700.0 10,500.0 10,000.0 6,300.0 11,500.0 8,100.0 10,500.0
7 1,194.0 1,056.0 1,128.0 949.0 1,194.0 1,194.0 1,194.0
8 1,148.0 1,081.0 1,128.0 1,220.0 1,101.0 1,197.0 1,147.0
9 0.07410 0.07410 0.07410 0.07410 0.07410 0.07410 0.07410
10 .00572 .00539 .00567 .00537 .00572 .00572 .00572
11 .00567 .00700 .00567 .00596 .00563 .00660 .00567
12 11.91 11.91 11.91 11.91 11.91 11.91 11.91
13 24.47 29.37 21.65 20.30 27.62 38.46 23.08
14 2.38 2.38 2.38 2.38 2.38 2.56 2.38
15 2.56 6.23 2.38 2.38 2.56 2.38 2.38
16 .0336 .0349 .0361 .0361 .0336 .0432 .0336
17 .0363 .0349 .0361 .0361 .0363 .0336 .0336
18 278.0 947.0 552.0 961.0 453.0 875.0 250.0
1 = net MW (A and B), 2 = hours (A and B), 3 = BTU/kwh (A), 4 = BTU/lb (A), 5 = BTU/kwh (B), 6 =
BTU/lb (B), 7 = $/kw (A), 8 = $/kw (B), 9 = fixed charge (%) (A and B), 10 = operation and maintenance
mills/kwh (A), 11 = operation and maintenance mills/kwh (B), 12 = $/ton (A), 13 = $/ton (B), 14 = $/ton (A),
15 = $/ton (B), 16 = $/ton a ir  mile (A), 17 = $/ton a ir mile (B), 18 = distance (A and B).
Source:
John D u ff ie ld , et a l . ,  1982, Projeotions of Coal demand from the Northern Great Plains Through the
Year 2010̂  Surface Mining Grant No. G5105076, Office o f Surface Mining, U.S. Department o f the In te r io r ,































Input Parameters fo r  the Year 2010 Market Boundaries (Base 2000)
Line
no.* Colorado Ill ino is New Mexico Texas Utah Washington SW Wyoming
1 500.0 500.0 500.0 500.0 500.0 500.0 500.0
2 5,694.0 5,694.0 5,694.0 5,694.0 5,694.0 5,694.0 5,694.0
3 10,486.0 10,058.0 10,564.0 10,251.0 10,486.0 10,486.0 10,486.0
4 8,660.0 8,660.0 8,660.0 8,660.0 8,660.0 8,660.0 8,660.0
5 10,341.0 10,204.0 10,564.0 11,045.0 10,197.0 10,486.0 10,341.0
6 10,700.0 10,500.0 10,000.0 6,300.0 11,500.0 8,100.0 10,500.0
7 1,469.0 1,316.0 1,387.0 1,182.0 1,469.0 1,469.0 1,469.0
8 1,411.0 1,327.0 1,387.0 1,504.0 1,353.0 1,472.0 1,411.0
9 0.07410 0.07410 0.07410 0.07410 0.07410 0.07410 0.07410
10 .00645 .00607 .00639 .00604 .00645 .00645 .00645
11 .00639 .00789 .00639 .00671 .00634 .00744 .00639
12 14.51 14.51 14.51 14.51 14.51 14.51 14.51
13 29.25 35.10 26.39 24.74 33.01 45.97 27.58
14 3.35 3.35 3.35 3.35 3.35 3.61 3.35
15 3.61 8.79 3.35 3.35 3.61 3.35 3.35
16 .0474 .0493 .0509 .0509 .0474 .0609 .0474
17 .0512 .0493 .0509 .0509 .0512 .0474 .0474
18 278.0 947.0 552.0 961.0 453.0 875.0 250.0
1 = net MW (A and B), 2 = hours (A and B), 3 = BTU/kwh (A), 4 = BTU/lb (A), 5 = BTU/kwh (B), 6 =
BTU/lb (B), 7 = $/kw (A), 8 = $/kw (B), 9 = fixed charge {%) (A and B), 10 = operation and maintenance
mills/kwh (A), 11 = operation and maintenance mills/kwh (B), 12 = $/ton (A), 13 = $/ton (B), 14 = $/ton (A),
15 = $/ton (B), 16 = $/ton a ir  mile (A), 17 = $/ton a ir  mile (B), 18 = distance (A and B).
Source:
John D u ff ie ld , et a l . ,  1982, Projections of Coal Demand from the Northern Great Plains Through the
Year 2010̂  Surface Mining Grant No. G5105076, Office of Surface Mining, U.S. Department o f the In te r io r ,
Washington, D.C. (Missoula, Mont.: University o f Montana), pp. 56-63.
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describe the parameters and correspond with Table 2. Data in Tables 3 
through 5 were to ta l ly  developed by Brad Harr for the study as 
described in the Introduction (Chapter 1).
Figure 3 v isually  describes the resulting market boundaries fo r  
forecast year 1990 (base year 1980). Figure 4 compares the envelopes 
(from Fig. 3 i t  is evident that a l l  segments o f each boundary may not 
contribute to the f in a l bounded NGP coal market region) or NGP market 
boundaries for the years 1990, 2000, 2010.
One result Figure 4 reveals is how the market fo r  NGP coal is 
scheduled to collapse over the period 1990 to 2010. This largely is 
attr ibu tab le  to escalating transportation costs (compare rows 16 and 
17 of Tables 3 through 5 ) . That is ,  the real in f la t io n  rates in 
transportation rates overwhelm any d if fe re n t ia l  advantage in FOB mine 
prices that NGP coal may have re la t iv e  to other coal supply regions 
(D u ffie ld , et a l . ,  1982).
A problem that arises with the results from this market model 
is that the market boundary envelope bisects up to 16 states ( f iv e  
states are wholly contained by the market boundary). The e le c t r ic i ty  
demand forecasts in Chapter 4, however, are fo r en tire  states. A 
method consequently was developed (population weighted e le c t r ic i ty  
demand forecasts) to separate out that portion of a s ta te 's  e le c t r ic i ty  
demand that lies  in the NGP coal market region. This solution, the 
topic of Chapter 3, e f fe c t iv e ly  addresses the problem of in tra fue l  
substitution (NGP coal versus some other coal) in Chapter 6.
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Figure 4. 1980, 1990, and 2000 NGP market areas roro
Chapter 3
ALLOCATION OF STATE POPULATION BETWEEN MARKET 
AND NONMARKET AREAS
The e le c t r ic i ty  demand forecasts reviewed in Chapter 4 are 
disaggregated only to the state le v e l. I f  a state is bisected by the 
spatial market boundary, there is a need to p art it io n  the state level 
forecast. One solution to th is problem is to adjust each s ta te 's  to ta l 
e le c t r ic i ty  demand by the percent of the s ta te 's  population that fa l ls  
within the NGP market region. This problem also has been recognized 
by other coal demand modelers and corrected by s im ilar techniques 
( fo r  example, Los Alamos S c ie n tif ic  Laboratory, 1981). In the following  
sections, analysis of the problem, the solution algorithm, and data 
sources are given.
Methodology
Of the 21 states in the NGP coal market region, the probability  
is high that 16 of these w il l  be bisected by the market boundary. In 
each of these states, SMSAs were used as a proxy for the physical 
dis tribution  and absolute size of a s ta te 's  population. An exception 
to this procedure involved the states of Idaho and Wyoming. In these 
states, additional counties (non-SMSA counties) were included to obtain 
a better representation o f each s ta te 's  population d is tr ibu tio n . To be 
recognized as an SMSA, an area must
23
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have either a city with a population of at least 50,000 or a 
[U.S.] Bureau of the Census urbanized area of at least 50,000 
and a total metropolitan statistical area population of at least 
100,000 (U.S. Department of Commerce, 1979:35).
For each set o f input assumptions that lead to the generation of 
a new NGP coal market boundary» the coordinates of each SMSA in a state  
are compared to the coordinates of the NGP coal market boundary. The 
numeric algorithm used in this program takes an SMSA, defined by i ts  
angle to and distance from G i l le t te ,  Wyoming, and compares i t  to the 
angle and distance of each discrete point along the NGP market boundary. 
I f ,  fo r an equal angle fo r  an SMSA and a point on the market boundary, 
the distance to the SMSA exceeds the distance to the point on the market 
boundary, the SMSA must l i e  outside the market region (because each SMSA 
has one or more central counties, the coordinates of the central c i ty  of 
an SMSA were used to locate i t ) .  By this process, each SMSA is compared 
to a f in i t e  number of discrete points that make up the market boundary. 
This analysis is repeated fo r each SMSA in a state and fo r each of 16 
states ( f iv e  states are unlikely to be bisected by the market boundary). 
The details  of th is analysis follow.
F irs t ,  in the computer program (Appendix C) a search is made 
through a l l  coordinates of the market boundary until a pair of coordinates 
is discovered that have angles (with respect to the o rig in ) that bound 
the angle to an SMSA (Fig. 5 ) .  This search routine has two subcomponents. 
I f  the absolute value of the difference in the angles to two coordinates 
on the market boundary is less than 180*, any SMSA angle bounded by these 
two angles is a cand-Ldate fo r a check on whether i t  l ies  within or 
outside the NGP coal market region. I f ,  however, the absolute value of 
the difference in the two angles to the market boundary exceeds 180*,






Figure 5. Population allocation solution,
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the X-axis with angle 0® (or 360°) also has been bounded. I f ,  in th is
la t te r  case, an angle to an SMSA is bounded by the two angles to the
market boundary, the SMSA is not a candidate for the tes t described 
below that determines i f  i t  l ie s  within the NGP coal market region.
Second, once a pair of market boundary coordinates, with given
angles from the o rig in , has been discovered that bound the angle to
some SMSA, i t  remains to determine whether or not the SMSA is within  
the NGP coal market region. Equation [9] is used to answer th is  
question (Wooton and Drooyan, 1968).
L (X J^) = (Y^ -  Y ,) X + (x^ -  X^) V + (X^Y„ - X^YJ. £9]
where X and Y = the X and Y coordinates of the point D on
the market boundary in Figure 5.
X and Y = the X and Y coordinates of the point C on 
the market boundary in Figure 5, and
X and Y = the X and Y coordinates of an SMSA, fo r example, 
point A or point B in Figure 5.
In order to determine whether or not an SMSA lie s  within the 
market region, the function L(X^Y^) is solved for the origin L (0 ,0 ) ,  
and again for the SMSA L(X, Y). I f  the sign, positive or negative,
is the same for both solutions, the SMSA must l i e  within the NGP coal
market region.
This tes t was used to compute the percent of a s ta te 's  SMSA 
population that l ie s  within the NGP coal market region. The solution  
does not work i f  the market boundary is an e l l ip s e .  An e l l ip t ic a l  
market boundary, however, occurs only between the NGP coal supply 
region and the Texas coal supply region. Moreover, the Texas boundary 
never, in th is  study, is a component of the NGP market boundary
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envelope. That is ,  the boundaries generated by the Colorado, Utah, or 
New Mexico coal supply centers delineate a market boundary between 
G il le t te ,  Wyoming, the NGP market center, and Emory, Texas—the Texas 
coal supply center.
Data Requirements
The data requirements for th is algorithm f a l l  into two categories
(1) existing 1980 population data and (2) forecast population estimates 
for the years 1990, 2000, and 2010. The former is required to determine 
the v a l id ity  of proxying a s ta te 's  to ta l population with SMSA population 
data. Table 6 summarizes the percent of each of 16 states ' to ta l 
population (1980) that is represented by to ta l state SMSA population; 
i t  is evident from th is table that SMSAs account fo r a large percent 
(71%) of this region's to ta l population. As a consequence, SMSAs w il l  
be used to proxy the physical d is tribu tion  of each s ta te 's  to ta l  
population. This conclusion assumes that the remaining 29 percent of 
the population is distributed randomly across each state.
The forecast values fo r SMSA populations were obtained from 
recent projections by the Bureau of Economic Analysis (U.S. Department 
of Commerce, 1981a). Because these projections were fo r SMSAs as of 
1978 (excluding results from the 1980 decennial census), and fo r the 
years 1985, 1990, 2000, and 2030, some simplifying assumptions were 
required so that the data could be used in this thesis. F irs t ,  because 
some SMSAs overlap state boundaries, a procedure of allocating the 
Bureau of Economic Analysis projections of SMSA populations to











































State SMSA population 
as a percent of total 
state population
Arkansas 2,285,513 894,699 6 .39
Colorado 2,888,834 2,335,973 5 .81
Idahot 943,935 570,411 8 .60
Iowa 2,913,387 1,086,935 7 .37
Ill in o is 11,418,461 9,247,147 10 .81
Indiana 5,490,179 3,831,940 14 .70
Kansas 2,363,208 1,106,999 4 .48
Michigan 9,258,344 7,660,750 13 .83
Missouri 4,917,444 3,214,279 6 .65
Louisiana 4,203,972 2,665,635 7 .63
Oklahoma 3,025,266 1,717,619 4 .57
Oregon 2,632,663 1,737,537 4 .66
Texas 14,228,383 11,458,191 26 .81
Washington 4,130,163 3,321,021 9 .80
Wisconsin 4,705,335 3,005,623 12 .64
Wyomi ngt 470,816 222,479 4 .47
Totals 75,875,903 54,077,238 .7 lt
The U.S. Department of Commerce, 1981b, 1980 Census of Population and Housing (Washington, D.C. 
U.S. Bureau of the Census), p. 35.
Tpor these two states, additional counties (non-SMSAs) were added to the percent of the state's 





individual states was needed. This was done by a llocating  the future  
shares on the basis of actual shares from the 1980 census.
Second, in that the Bureau of Economic Analysis population pro­
jections excluded the year 2010, population values were interpolated by 
means of constant annual percent growth rates from the years bracketing 
the missing value. That is ,  the population growth rate between the years 
2000 and 2030 was used to derive a population level in 2010. F in a lly ,  
as previously mentioned, the Bureau of Economic Analysis did not include 
the 10 new SMSAs from the 1980 census fo r the 16 states in th is analysis. 
To obtain population projections for these 10 SMSAs, a simple trend lin e  
was constructed from the actual growth that occurred between 1970 and 
1980. A sim ilar technique was used with the additional counties added 
to the state SMSA populations in Wyoming and Idaho.
The population projections by the Bureau of Economic Analysis 
are based on a substate's share o f the s ta te 's  employment. The 
population projections in this analysis are based on the bureau's 
no-change-in-share procedure which assumes that a substate's share of 
the s ta te 's  employment remained constant through the year 2030 (U.S. 
Department o f Commerce, 1981a).
Summary
A mathematical solution was developed to estimate the percent 
of a s ta te 's  forecast e le c t r ic i ty  demand that fa l ls  in the GNP coal 
market region. This solution assumes that SMSAs are a re l ia b le  proxy 
of a s ta te 's  to ta l population d is tribution  and, hence, the physical 
d is tribution  of e le c t r ic i ty  demand. The resulting percent o f a s ta te 's  
population that fa l ls  in the NGP coal market region are given in Table 7.
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Table 7









Arkansas 35 0 0
Colorado 81 11 0
Idaho 34 14 0
I l l in o is 5 0 0
Indiana 0 0 0
Iowa 100 86 62
Kansas 100 100 62
Louisiana 0 0 0
Michigan 0 0 0
Minnesota 100 100 100
Missouri 40 31 30
Montana 100 100 100
Nebraska 100 100 100
North Dakota 100 100 100
Oklahoma 45 0 0
Oregon 8 9 0
South Dakota 100 100 100
Texas 0 0 0
Washi ngton 10 10 0
Wisconsin 96 29 14
Wyoming 81 72 59
Note: see Figure 4, Chapter 2 fo r the market boundaries to which these
percents correspond.
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The percents in Table 7 can be compared with Figure 4 of Chapter 
2; however, the percents may not re f le c t  exactly what one's visual sense 
would ind icate—for two reasons. F ir s t ,  the boundaries as overlayed on 
the map may not be exact; this problem, however, does not occur in the 
computer solution.
Second, there may not be any SMSAs in the portion of a state that  
l i e  within the NGP coal market region. Michigan is an example of this  
la t te r  case with respect to the base 1980 market boundary: 83 percent
of Michigan's population resides in SMSAs that l i e  below—outside—the 
NGP market region. The other 17 percent of Michigan's population resides 
in smaller communities inside and outside the NGP region.
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Chapter 4
ELECTRICITY DEMAND ANALYSIS FOR THE 21-STATE 
NGP COAL MARKET REGION
The future production of NGP coal hinges on many factors. The 
most important is e le c t r ic i ty  demand. In recent years, co a l-f ired  
e le c tr ic  generating plants consumed about 70% of national coal 
production (Office o f Technological Assessment, 1979). For NGP coal 
production, this percent is much higher.
The primary objective of this chapter is to establish a range
of uncertainty in e le c t r ic i ty  demand growth rates fo r  the 21-state  
NGP coal market region. A second objective is to illuminate important 
explanatory variables that influence these growth rates. The approach
used in this analysis involves a review of existing forecasts from two
sources and the generation of new forecasts using two other models.
A b r ie f  summary of the major findings follows: f i r s t ,  the most
l ik e ly  ceiling  on e le c t r ic i ty  demand growth rates equals about 3.5 
percent annual growth fo r the years 1980-2000; the most l ik e ly  f lo o r  
fo r the same period equals about 2.5 percent. Figure 6 summarizes 
h is toric  and forecast growth rates in e le c tr ic  generation fo r the 
21-state NGP coal market region. As is evident, however, in Figure 7, 
the v a r ia b i l i ty  in e le c t r ic i ty  demand growth rates for individual states 
is considerably wider, h is to r ic a l ly  ranging (1970-1979) from 2 percent 
to 15 percent annual growth.
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Figure 6. Total electric generation, historic and forecast, for the 21-state NGP coal market region,
"À"*
Note: footnotes appear on page 34. COw
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Footnotes to Figure 6 :
*
Oak Ridge National Laboratory.
^The ORNL/SLED Low E lectric  is the low growth scenario fo r real 
e le c tr ic  prices.
^Energy Information Administration.
^The EIA 1980 report is fo r the middle import o il  price path 
and assumes the System Compliance Option of the Powerplant and Industrial 
Fuel Use Act is not enforced. The EIA forecast extends only to 1995.
'*The saturation equation results from f i t t in g  a nonlinear 
lo g is t ic  function to h is toric  e le c tr ic  generation.
Percents are annual percent growth rates. H istoric growth 
rates were obtained from the Edison E lec tric  In s t i tu te ,  1940-1980, 
Statist-iaat Yearbook of the EZeetrio UtiZity Industry  ̂ annual issues.
Nos. 7-47 (Washington, D.C.; The Association of E lectric  Companies).
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Figure 7. The 21-state NGP coal market region. Figures indicate, in order listed; (1) 1979 




Factors responsible fo r the decelerating actual and forecast 
e le c t r ic i ty  demand growth rates include (1) accelerating fuel prices,
(2) a slowing in the growth of per capita personal income and 
population--forecast re la t iv e  to h is toric  trends, and (3) a saturating  
stock of residential and commercial e le c tr ic  equipment.
An important l im ita tio n  of each forecast reviewed or generated 
herein is the exclusion of nonfederal energy conservation policies and 
programs in the modeling e f fo r t .  The extent to which these energy 
conservation policies and programs can reduce the to ta l potential for  
energy conservation w il l  determine whether 2.5 percent annual growth 
is a re lia b le  f lo o r fo r e le c tr ic  generation growth rates in the 21-state  
N6P coal market region. The emergence of nonfederal energy conservation 
programs, directed toward the residentia l sector, is the topic of 
Chapter 5.
The following sections of th is chapter review forecasts of 
e le c t r ic i ty  demand from the Oak Ridge National Laboratory's SLED 
forecasting model, the Energy Information Administration's 1980 
Annual Report to Congress (U.S. Department of Energy, 1981c), the 
National E lectric  R e l ia b i l i ty  Council's 10-year forecast, and a 
saturation equation forecast of e le c t r ic i ty  demand.
The SLED Forecasting Model
The econometric model, developed by Chern, et a l .  (1980a), a t  
the Oak Ridge National Laboratory, forecasts state level e le c t r ic i ty  
demand. The model, sponsored by the Nuclear Regulatory Commission, was 
developed to determine the need for e le c tr ic  power on a sta te-by-state
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basis. This section covers f iv e  aspects of the SLED model; ( I )  the 
model's structure and parameters, (2) the methodological approach used 
in this study to forecast e le c t r ic i ty  demand with the SLED model,
(3) data inputs, scenario-dependent and -independent, that influence the 
forecasts, (4) forecasts of e le c t r ic i ty  demand for the 21-state N6P coal 
market region, and (5) problems with the model's structure and the 
resulting bias in forecasts of e le c t r ic i ty  demand. Appendix A provides 
the data used in this analysis and Appendix D provides the computer 
program (FORTRAN) that was used.
Model Structure and Parameters
The SLED model is a nonlinear simultaneous equation model that  
generates forecasts of to ta l e le c t r ic i ty  demand in each of three 
primary sectors--residential , commercial, and in d u s tr ia l—for the years 
1980-2000. The model also forecasts the average price of e le c t r ic i ty  in 
each of the three sectors, a price that attempts to equ ilibrate  the 
supply and demand fo r e le c t r ic i ty .  Two equations are used in the model.




P - K = 3 + c (Q/C) + c (Q/C) + Z c Z [1 1 ] ,
1 i J- i=3 i i
where Q = annual kwh consumption; Q _ is the same but for the 
previous year,
P̂  = average e le c t r ic i ty  price ,
I = price d e fla to r ,
C = number of customers,
K = the overall average cost o f e le c t r ic i ty .
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X ., Z. = other explanatory variables in the demand and
 ̂  ̂ price equations, and
a, c^, = model parameters generated with h is torica l data.
A solution fo r the parameters in each equation is obtained by 
solving equations [10] and [11] simultaneously. Chern, et a l . ,  {1980a) 
used the three-stage least squares analysis (Koutsoyiannis, 1977).
This process is repeated for each customer class in each of nine U.S. 
Bureau of the Census regions, using h is toric  data fo r the years 
1955-1976. With this pooled cross-sectional and times series analysis, 
parameters were generated fo r a sector in each census region. Tables 
8 through 10 provide Chern's estimated demand equations (excluding
dummy variables) fo r the f iv e  U.S. Bureau of the Census regions that
bound the 21-state NGP coal market region. Table 11 l is ts  defin itions  
fo r the variables in these demand equations.
A hierarchy of some important explanatory variables in the 
commercial and residentia l demand equations rank as follows; (1) the 
lagged dependent variable (2) the number of customers (CR or
CC), and (3) the price of e le c t r ic i ty  (PER or PEC) followed by per 
capita income (PCI). A hierarchy of some important variables in the 
industria l sector's demand equations consists of (1) the lagged 
dependent variable (Q^^^), (2) valued added in manufacturing (VA), and
(3) the price of e le c t r ic i ty  (PEI).
Because the parameters jus t discussed and others in the demand 
equations in Tables 8 through 10 are important determinants of 
e le c t r ic i ty  demand forecasts, establishing th e ir  v a l id ity  is c r i t i c a l .











Parameters in the Residential E le c t r ic i ty  Demand Equations fo r  Five U.S. Bureau o f the Census







region Constant LN ( Q r _ i ) LN  ( ^ : ; ) LN LN (CR) LN ( i ; L LN (HDD) LN (CDD) LN  ( - )
CÛ3"
i East-North -2.708 0.68 -0.349 0.047 0.409 -0.12 0.013 0.014<3
CD Central (-1.95) (14.31) (-5.3) (0.9) (2.73 (-0.64) (0.25) (0.93)
"nc West-North -8.318 0.637 -0.254 0.0004 0.818 0.126 0.019
3"
CD Central (-7.14) (17.3) (-4.8) (0.01) (8.7) (2.39) (1.37)
CD■o




(10.4) (-4.8) (2.36) (5.34) (2.91) (4.25) (3.76) (0.14)
o
3




Mountain (-3.61) (16.93) (-2.95) (5.58) (8.5) (5.9) (2.49) (0.202) (2.57)
1—H
CD
Q. -3.79 0.811 -0.076 0.024 0.285 0.179 0.019$ 1—H
3"O




means 0.665 -0.242 0.141 0.032
Source:
W. S. Chern, et a l . ,  1980a, State Level Eleatricity Demand Forecasting Models ORNL/NUREG-63 (Oak












Parameters in  the Commercial E le c t r ic i ty  Demand Equations fo r  Five U.S. Bureau of the Census







region Constant LN LN (g § ) LN ( § ^ ) LN (CC) LN (POP) LN (HDD) LN (COD) LN ( 0 ^ )
(O'




Central (-0.86) (15.3) (-2.67) (2.24) (3.4) (1.66) (1.69) (0.51)
"n
c West-North -2.744 0.851 -0.172 0.343 0.037 0.086
3"
CD
Central (-3.81) (25,09) (-2.89) (5.28) (1.59) (1.53)
CD





Central (-1.92) (19.62) (-2.09) (-0.12) (3.42) (1.18) (1.02)
5 ’








Q. -14.116 0.437 -0.205 0.556 1.263 0.073
g







mean .693 -.254 .346 0.054
Source:
W. S. Chern, et a l . ,  1980a, State Level Eleotrioity Demand Foreaasting Models ORNL/NUREG-63 (Oak






























Parameters in the Industria l E le c t r ic i ty  Demand Equations fo r  Five U.S. Bureau o f the Census
Regions {Student t - s ta t is t ic s  are in Parentheses)
Census
region Constant LN LN (PEI/WPI) LN (VA/WPM) LN ( g ^ ) LN
East-North -1.691 0.342 -0.391 0.741 0.089
Central (-1.09) (7.67) (-3.04) (13.37) (1.42)
West-North 0.476 0.711 -0.172 0.259 0.12
Central (0.80) (20.4) (-1.38) (5.04) (2.15)
West-South 0.467 0.769 -0.111 0.223 0.045
Central (1.95) (17.3) (-1.69) (-5.79) (1.69)
1.798 0.523 -0.201 0.374 0.067
Mountain (4.46) (13.5) (-1.88) (7.95) (0.94)
0.134 0.606 -0.041 0.372
Pacific (0.22) (10.5) (-0.46) (4.81)
Parameter
mean 0.5 -0.183 0.077
Source:
W. S. Chern, et a l . ,  1980a, State Level Electricity Demand Forecasting Models ORNL/NUREG-63 (Oak




Definitions for Variables in the SLED Model
= e le c t r ic i ty  demand in year t -1  fo r the re s id e n tia l.
commercial, or industria l sectors (10® kwh).
PER, PEC, and PEI = average sectoral e le c t r ic i ty  price fo r  the residen­
t i a l ,  commercial, and industria l sectors, respec­
t iv e ly  ($/10^ kwh).
PCI = per capita personal income (10^ $).
CR, CC = the number of residentia l and commercial customers,
respectively (10^).
POP = population level of a state (10^)
HDD, CDD = heating and cooling degree days.
PGR, PGC, and PGI = sectoral gas prices ($/10^ therms).
PC = industria l coal price ($ /to n ).
WPM, WPI, and CPI = price indices. WPM is a Wholesale Price Index for
industria l products, WPI (presently the Producer 
Price Index) is the Wholesale Price Index, and CPI 
is the Consumer Price Index.
VA = value added in manufacturing (10® $).
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To do so, however, is fraught with d i f f ic u l t ie s .  Edmonds (1978:91) has
summed up the problem:
No consensus exists as to exact elasticity magnitudes. . . .  It is 
difficult to assess how much differences in elasticities can be 
attributed to better or poorer model specifications, and how much 
to geographical temporal aggregation and quality differences in data.
In l ig h t  of this caveat, the following comments about some of 
the parameters are relevant. F irs t ,  the short-run own-price e la s t ic i t ie s  
of demand for e le c t r ic i ty  are in e la s t ic ,  as are most found in the 
l i te ra tu re  (Edmonds, 1978; Hartman, 1979). The long-run own-price 
e la s t ic i ty  of demand coeffic ients (computed, for example, fo r  the 
residential sector in equation [12 ])  in the l i te ra tu re  and fo r the three 
sectors vary from in e la s tic  to e la s t ic ,  as do Chern's (Chern, et a l . ,  
1980a).
= long-run e la s t ic i ty  co e ff ic ien t. [12]
(see Table 8)1 - LN )
Because of the double-log structure of the SLED demand 
equations, the coeffic ients generated are invariant with respect to 
levels of the ir  respective variables. This resu lt is undesirable in a 
forecast where, fo r example, prices are expected to change over time.
The e ffe c t of this characteris tic  on e le c t r ic i ty  demand forecasts 
depends on an unknown re la t iv e  change in the magnitudes of the 
parameters over time. These re la t iv e  magnitudes in turn depend on the 
feedback o f future prices and demand. In contrast to the constant SLED 
model parameters, those in the U.S. Department of Energy (1981c) 1980  
Annual Report to Congress (reviewed la te r  in this chapter) are variable.
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Second, the income e la s t ic i ty  coeffic ients  in the SLED 
residential and commercial demand equations indicate that e le c t r ic i ty  is 
an essential normal good—with one exception: in the West-South Central
region (in  the commercial sector) the sign on the income co e ffic ie n t is 
negative. Last, a counterintu itive sign is found on the population 
variable fo r the residential sector in the East-North Central region.
One expects to find a positive correlation between population growth 
and e le c t r ic i ty  demand, but that does not occur.
Methodological Approach
As previously stated, the purpose of using the SLED model to 
forecast e le c t r ic i ty  demand is to generate a range of price-sensitive  
forecasts. These forecasts do not re f le c t  nonprice-induced conservation 
(discussed la te r  in this chapter). To th is end, new price-sensitive  
forecasts of e le c t r ic i ty  demand are developed based on updating the 
values of some explanatory variables in the SLED model. The vintage 
of the data used to generate the three forecasts in Version I I  of the 
SLED model is such that replacement by more current data was essentia l. 
I t  was, however, neither possible nor necessary to update the forecast 
values for a l l  variables in the demand equations (Tables 8-10). The 
new forecasts of e le c t r ic i ty  demand use Chern's (Chern, e t a l . ,  1980a) 
forecast values fo r the number of customers in each class (CR and CC), 
value added in manufacturing (VA), and weather data (HDD and CDD). 
Variables fo r which forecast values have been updated include population 
and per capita income (POP and PCI). The starting  year for natural gas 
and e le c t r ic i ty  prices fo r each state and sector has been updated from
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1976-1979. Forecast (new) values fo r fuel prices (natural gas, coal, 
and e le c t r ic i ty )  are discussed in the next section.
The forecasts of e le c t r ic i ty  demand fo r each sector in each 
state are generated as follows. For ease of manipulation, th is example 
includes only the constant term, the lagged dependent variab le , and the 
price of e le c t r ic i ty .  F ir s t ,  a forecast of e le c t r ic i ty  demand using 
Chern's (Chern, e t a l . ,  1980a) old data is generated in equation [1 3 ] .
LN (Q ° ^ )  = a + LN Q ™  + LN PER °^. [1 3 ]
(These variables are defined in Table 11.) Next, using new values fo r  
the explanatory variables, a new forecast is generated by equation [14 ].
LN = a + b  ̂ LN + b  ̂ LN [14]
NEW
T
Subtracting equation [13] from equation [14] and solving fo r LN Q 
results in equation [15 ].
LN = LN°^° + ĥ  (LN Q ™  -  LN Q^^)
+ b  ̂ (LN - LN PER^^D) [15]
By this process, a forecast of e le c t r ic i ty  demand is generated fo r each 
sector (re s id e n tia l,  commercial, and in d u s tr ia l)  in each of 21 states 
fo r  the years 1980-2000.
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Data Inputs
Factors that shape e le c t r ic i ty  demand forecasts f a l l  into three 
major areas: model structure, parameters, and data assumptions. The
SLED model structure and parameters have been discussed; more is said 
la te r  about problems with and the bias that results from the SLED 
model structure. Data assumptions for exogenous variables, a key 
determinant o f a forecast, are reviewed below. This review covers the 
scenario-independent and -dependent assumptions (forecast) used to 
generate a range of e le c t r ic i ty  demand forecasts fo r the 21-state  
NGP coal market region.
Three categories o f scenario-independent data changes that were 
made to generate new forecasts of e le c t r ic i ty  demand include the 
population, per capita income, and coal price variables in the demand 
equations. The Bureau of Economic Analysis reports forecast values 
fo r the f i r s t  two variables fo r the years 1978 (a c tu a l) ,  1990, and 
2000 (U.S. Department of Commerce, 1980). Table 12 provides a summary 
of h is toric  and forecast values o f these variables for the nation.
As is evident in Table 12, a l l  three variables are forecast to 
experience a slower annual percent growth rate from 1978 to the year 
2000 than occurred over the h is to ric  period (1969-1978). Forecast 
annual percent growth rates for population and real per capita income 
equal 0.8 percent and 2.5 percent, respectively , for the years 1978-2000; 
th e ir  corresponding h is to ric  annual percent growth rate equaled 0.9  
percent and 2.6 percent, respectively , fo r the years 1969-1978. The 
Bureau of Economic Analysis generated these projections on the basis 
of h is toric  economic relationships which assume no major policy changes.





































H is to ric  and Forecast Values fo r  Total Personal Income, Population, 
and Per Capita Income fo r  the United States
Year
Total personal income 
(m ill ions o f 1972 $)
Population
(1,000)
Per capita personal income 
(1972 $)
1969 834,162 ) . 201,298 ) 4,144 )
: 3.5% AP6R : 0.9% APGR : 2.6% APGR
1978 1,139,744 ) ) 218,051 ) ) 5,227 ) )
1990 1,772,173 : 3.3% APGR 242,979 : 0.8% APGR 7,294 : 2.5% APGR
2000 2,336,905 ) 259,845 ) 8,993 )
Annual percent growth rate.
Source:
U.S. Department o f Commerce, 1980, Survey of Current Business. Regional and State Projeotions of 
Income  ̂Employment^ and Population to the lear 2000 (Washington, D.C.: U.S. Government Prin ting O ffice , 




The deceleration in growth in per capita personal income is a ttr ibu ted  
by the Bureau of Economic Analysis to declining growth in rental income 
(to ind iv idua ls ), dividends, and transfer payments; any acceleration in 
earnings is more than o ffse t by deceleration in the above variables  
(U.S. Department of Commerce, 1980).
The exclusion of population and per capita income as explanatory 
variables in some demand equations (Tables 8 and 9) illuminates a 
potential problem with econometric forecasts. While the absence of 
these variables in some demand equations is l ik e ly  due to th e ir  
ins ig n if ican t contribution to the explanatory power of the demand 
equations during the years 1955-1976, i t  is not clear that these 
variables w il l  remain in s ig n if ican t determinants of e le c t r ic i ty  demand 
in the future . This problem has been likened to lashing the wheel on 
the basis of h is toric  data regardless of future trends and is not 
lim ited to population and income variables.
The f in a l scenario-independent variable that was updated is the 
industria l coal price for states in the East-North Central census 
region. The base year fo r coal prices in th is region is 1976. These 
base year coal prices were escalated a t a real rate of 0.0125 percent 
fo r the years 1976-2000. This escalation rate was determined by f i t t in g  
a semi log constant growth regression equation to the Producer Price 
Index for real national coal prices fo r the years 1971-1980 (th is  coal 
index was deflated with the Producer Price Index fo r  a l l  commodities). 
The regression equation used follows (G u jara ti,  1978):
LN (Y) = 0.606 + 0.0125 (T) [16]
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where Y = the real national coal price index and
T = 1 i f  1971, 10 i f  1980, and is incremented by one unit each 
year thereafter.
The 0.0125 percent annual growth rate equals the co e ffic ien t on 
the independent variable time ( I ) .  The percent of to ta l variation in 
the dependent variable explained by th is simple equation (the R^) is 
only 10 percent. In contrast to the above growth ra te , the Energy 
Information Administration forecasts about a 1 percent growth in the 
real industria l coal price fo r the years 1985-1995 and fo r the U.S. 
Department o f Energy's Region 5 (U.S. Department o f Energy, 1980d).
This growth rate is fo r the medium import o il  price scenario and assumes 
the System Compliance Option of the Powerplant and Industrial Fuel Use 
Act is not enforced. This nonenforcement currently is the case given 
the passage of the House Omnibus Budget Reconciliation Act of 1981 
(U.S. Congress, 1981).
Two scenario-dependent variables were varied to generate a range 
of e le c t r ic i ty  demand forecasts fo r the 21-state NGP coal market region. 
These variables include forecast prices fo r e le c t r ic i ty  and natural gas 
fo r three sectors in the 21 states. Base year prices (1979) fo r natural 
gas and e le c t r ic i ty  were obtained from the U.S. Department of Energy's 
Office of the Assistant Administrator fo r Program Development (U.S. 
Department of Energy, 19801). These new base year prices were recast in 
terms of 1967 dollars per m illion  BTU to correspond with prices used by 
Chern, e t a l .  (1980a) in Version I I  of the SLED report.
The base year (1979) fuel prices, however, must be forecast fo r  
the years 1980-2000. The method used involved computing the annual
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percent growth rate in national average prices (fo r  the three primary 
sectors) between the years 1979 (actual) and 1995 (forecast). The 1979 
national average sectoral prices were obtained from the U.S. Department 
of Energy's Office of the Assistant Administrator for Program 
Development while the 1995 forecast prices were obtained from the 
Energy Information Administration's 1980 Annual Report to Congress 
(U.S. Department of Energy, 1981c). Table 13 summarizes the actual 
1979 and forecast prices fo r these fuels and the annual percent growth 
rates fo r certa in  years. I t  is evident that the Energy Information 
Administration expects these fuel prices to escalate more rapidly in 
the short term (1979-1985) than over the long run. Average e le c tr ic  
prices are forecast by the administration to f a l l  in real terms from 
1985-1995. The rapid in i t i a l  increase in natural gas prices probably 
is due to the deregulation of some categories of natural gas in 1985 
under T i t le  I o f the Natural Gas Policy Act o f 1978.
In the absence of specific  s ta te -leve l fuel price forecasts fo r  
natural gas and e le c t r ic i t y ,  the national average prices in Table 13 
and th e ir  respective growth rates are used fo r the base case forecast 
of e le c t r ic i ty  demand in the 21-state NGP coal market region. 
S p ec if ica lly , the 1979-1995 annual percent growth rates are used as 
base case escalation rates. I t  is c lear that these fuel prices w il l  not 
escalate at exactly these rates from 1979-1995, consequently these base 
rate escalation rates w il l  be bracketed with high and low growth rates 
in order to generate a range of e le c t r ic i ty  demand forecasts fo r  the 
years 1980-2000.


























H is to ric  and Forecast National Average Prices fo r  Natural Gas and E le c t r ic i ty





Forecastt Annual % growth rates
1985 1990 1995 1979-1985 1979-1995
E le c t r ic i ty
Residential 12.68 17.01 16.9 16.71 5.01 1.7
Commercial 12.9 17.35 17.15 16.97 5.06 1.7
Industr ia l 8.35 12.54 12.53 12.41 7.01 2.5
Natural Gas
Residential 2.91 5.47 6.07 6.41 11.1 5.1
Commercial 2.67 4.96 5.57 5.91 10.8 5.1






U.S. Department o f Energy, 1980i, State Energy Fuel Prioes by Mayor Eoonomia Sector from 1960-1975 
(Washington, D.C.: Office of the Assistant Administrator fo r  Program Development) (unpublished computer 
p r in to u t) .
^U.S. Department of Energy, 1980h, Service Re-port to the 2980 Annual Report to Congress (Washington, 
D.C.: Energy Information Administration), pp. A-1 through A-122,
^The low price is  fo r  nonmajor fuel-burning in s ta l la t io n s .  The high price is fo r  major fu e l-  
burning in s ta l la t io n s .  A major fuel-burning in s ta l la t io n  must have an hourly heat rate (design) o f at 
least 250 • 10® BTUs. 2
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Forecast Results
Table 14 presents seven price-sensitive  forecasts of to ta l  
e le c tr ic  generation fo r the 21-state NGP coal market region. The base 
case forecast re lie s  on fuel price escalation rates from the U.S. 
Department of Energy and were reported e a r l ie r  in Table 13. The other 
six forecasts represent a combination of a U.S. Department of Energy 
growth rate fo r one fuel and a high, medium, or low growth ra te  for  
the other fu e l.  The three e le c t r ic i ty  price scenarios generate a range 
of e le c t r ic i ty  demand growth rates (Table 15) that bound the growth 
rates from the four other forecasts. The overall e ffe c t of the 
own-price e la s t ic i t ie s  of demand overwhelm the combined effects of 
the cross-price e la s t ic i t ie s .  The growth rate from the low e le c tr ic  
price scenario (o f 4.06%) sets the upper l im it  on e le c t r ic i ty  demand 
growth rates reported in this chapter. As shown la te r  in this chapter, 
th is growth rate of roughly 4 percent exceeds even the e le c tr ic  u t i l i t y  
industry's point forecast of e le c t r ic i ty  fo r the years 1980-1990.
Table 14 shows the range in real natural gas price escalation  
rates (4.0%-8%) which are used to capture a wide range in potential 
growth rates. The E lectric  Power Research In s t itu te  in i ts  1981 
forecast of energy consumption used annual percent growth rates that 
ranged from 5.2 percent to 6.6 percent. I ts  middle or base growth 
rate was, as in th is paper, a 6.0 percent annual growth rate (EPRT, 1981) 
Because the SLED model forecasts e le c t r ic i ty  demand fo r only 
the three sectors, two adjustments were made to arr ive  a t forecasts of 
total generation. F ir s t ,  the three primary sectors have h is to r ic a l ly  
accounted fo r about 96.3 percent of to ta l sales in the 21-state NGP






























Forecasts o f Total E lec tr ic  Generation in the 21-state NGP Coal Market Region
(kwh in M il l ions)
Price
Annual rate o f real price 
increase (e le c t r ic ,  gas) (%)
Residentia l, Total e le c tr ic  generation (kwh • 10®)*t
scenario Industr ia l commercial 1985 1990 1995 2000
Base case 2.57, 5 ^ 1.7, 5.1 1.133,070 1,349,599 1,602,704 1,910,287












































Total e le c tr ic  generation includes re s ide n tia l,  commercial, in d u s tr ia l ,  and other. Net exports, 
transmission, and d is tr ib u t io n  losses also are included. See text under Forecast Results.
^Total e le c tr ic  generation in 1979, the base year, equaled 938,736 m il l io n  kwh, Edison E lec tr ic  
In s t i tu te ,  1980, Statistioal Yearbook of the Electric Utility Industry/1979^ No. 47 (Washington, D.C.: 
The Association o f E lec tr ic  Companies), pp. 20-22. w
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Table 15
Annual Percent Growth Rates in Total E lec tric  Generation’
Pri ce 
scenario
Annual rate of real price 
increase (e le c tr ic ,  gas) {%)
Residentia l, 
Industria l commercial
Annual % growth 




Base case 1.57, 5.7 1 .7 , 5.1 3.44 1.9
Electric
Low 1.0 , Base 1.0 , Base 4.06 1.9
Medium 2 .0 ,  Base 2 .0 , Base 3.43 1.9
High 3 .0 ,  Base 3 .0 , Base 2.83 1.9
Gas
Low Base, 4 .0 Base, 4 .0 3.28 1.9
Medium Base, 6.0 Base, 6.0 3.51 1.9
High Base, 8.0 Base, 8.0 3.76 1.9
These growth rates are computed from the forecasts in Table 14.
^U.S. Department o f Energy, 1981c, 1980 Annual Report to Con- 
gressj Vol. 3, Forecasts  ̂ D0E/EIA-0173{80)/3 (Washington, D.C.:
Energy Information Administration), p. 123. This post-2000 annual 
percent growth rate is discussed in the next section of this chapter.
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coal market region (Edison E lec tric  In s t i tu te ,  1975-1979); the other 
category is comprised of e le c tr ic  sales fo r  s tree t and l ig h tin g , other 
public au th orit ies , railroads and railways, and interdepartmental 
purposes. As a re s u lt ,  sales to the three primary sectors need to be 
m ultip lied by a factor of 1.038 to a rr ive  at an approximate estimate of 
to ta l sales in the 21-state NGP coal market region. Total sales have, in 
turn , h is to r ic a l ly  equaled about 90 percent of to ta l generation ( fo r  the 
years 1975-1979). The difference (10%) is explained by net exports and 
transmission and d is tribu tion  losses. To correct for this d ifference, 
to ta l sales are m ultip lied  by a factor o f 1.111 to arrive  at an estimate 
of to ta l e le c tr ic  generation.
Summary and Discussion of Model 
Shortcomings
The Oak Ridge National Laboratory's SLED model was used to 
generate a range of p rice -sens itive  forecasts of e le c t r ic i ty  demand fo r  
the 21-state NGP coal market region. A narrow range in e le c t r ic i ty  
demand growth rates was generated. The ce iling  growth rate from this  
analysis equaled roughly 4 percent fo r the years 1980-2000. While 
this ce iling  growth rate represents a global maximum in terms of a l l  
growth rates reviewed herein, the low growth rate of 2.8 percent is not 
the global minimum.
Although the SLED model is useful in providing a range of 
price-sensitive forecasts o f e le c t r ic i ty  demand, the model has some 
major shortcomings common to macroeconometric models. These shortcom­
ings include model structure characteris tics and the type of price
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variable used—marginal or average. Each of these factors biases the 
SLED e le c t r ic i ty  forecasts upward.
F ir s t ,  the inclusion of the dependent variable lagged one 
period (the Koyck-lag model structure) created, in addition to 
s ta t is t ic a l  estimation problems (G u jara ti,  1978), a b u i l t - in  tendency 
to rep lica te  past e le c t r ic i ty  growth. This largely is a problem with 
the residentia l sector, as demonstrated by the following example:
Chern, et a l .  (1980a) used the Koyck-lag structure in each sector's  
demand equations. I f  one assumes, fo r demonstrative purposes, a 
constant stock of housing fo r the years 1955, 1976, and 2000, and a 
saturation of e le c tr ic  re frigera tors  of 0 percent and 100 percent in 
the years 1955 and 1976, respectively , the SLED model builds into the 
1976-2000 forecast a continuation of th is trend. The model's im p lic it  
assumption fo r the saturation of e le c tr ic  re frigerators  in the year 
2000 could approach 200 percent. This tendency to overforecast occurs 
because the co e ff ic ie n t on the lagged dependent variable was 
established during the 1955-1976 period when appliances were saturating, 
then used to forecast during the years 1976-2000 when the appliance 
stock is saturated. Chern, et a l .  (1980b:3), in a recent unpublished 
d ra ft  of Version I I I  of the SLED model, acknowledged th is shortcoming:
. . . t h e  s t a n d a r d  K o y c k - l a g  u s e d  i n  t h e  V e r s i o n  I  a n d  V e r s i o n  I I
S LE D  m o d e l  m a y  n o t  b e  a p p r o p r i a t e  f o r  f o r e c a s t i n g  b e c a u s e  i t  w o u ld  
t e n d  t o  o v e r e s t i m a t e  e l e c t r i c i t y  d e m a n d  w h e n  i m p o r t a n t  e l e c t r i c  
a p p l i a n c e  h o l d i n g s  r e a c h  s a t u r a t i o n .
A second problem with the SLED model involves the choice of the 
e le c t r ic i ty  price variable used to forecast e le c t r ic i ty  demand. The 
SLED model (Version I I )  allows no choice; one may use only an average 
price variable. There ex is ts , however, the looming potential of radical
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change in e le c t r ic i ty  pricing. Under T i t le  I of the Public U t i l i t y  
Regulatory Policy Act, each state regulatory authority and each 
nonregulated u t i l i t y  shall consider fo r implementation a number of 
rate-making and regulatory standards. Some of the six rate-making 
standards (described la te r  in more d e ta i l )  could lead to a more 
economically sound policy fo r pricing e le c t r ic i ty  such as marginal 
cost pric ing. The impact on e le c t r ic i ty  demand w il l  depend on the 
divergence between the marginal price and the average price of 
e le c t r ic i ty  and the corresponding difference in consumer responsiveness 
to the two prices.
The Public U t i l i t y  Regulatory Act's rate-making standards can 
be described as follows: the cost of service rate-making standards
requires that e le c tr ic  rates fo r each class of customers be designed 
to re f le c t  the actual cost of providing service to that class. In May 
1980, 30 u t i l i t i e s  had ins titu ted  the cost of service rate-making 
standards, and 21 other u t i l i t i e s  had opted to implement the same 
standard (U.S. Department of Energy, 1980f).
Another of the rate-making standards disallows the h is to ric  
declining block rate structure unless the u t i l i t y  can demonstrate that 
energy costs to a customer class decline with increasing sales; however, 
a high customer service charge combined with a f l a t  energy charge would 
result in average energy costs declining beyond some level of 
consumption. Two other standards— time-of-day pricing and load 
management standards— seem to be directed toward more e f f ic ie n t  
u t i l iz a t io n  of plant f a c i l i t i e s ;  however, to the extent that peak loads 
are shaved and troughs f i l l e d  as a resu lt of these two standards, a
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potential fo r Increased base load generation and subsequent increased 
coal usage does ex is t.
The Energy Information Administration's  
1980 Forecast
In response to le g is la t iv e  mandate, the Energy Information 
Administration completes an annual report to Congress which includes 
forecasts of energy, demand, and prices. The 1980 Annual Re-port to 
Congress (U.S. Department of Energy, 1981c) provides midterm forecasts 
(1985-1995) of sectoral (re s id e n tia l ,  commercial, and in d u s tr ia l)  
e le c t r ic i ty  demand fo r  10 U.S. Department of Energy demand regions.
Five of these regions encompass the 21-state NGP coal market region.
The SLED e le c t r ic i ty  demand forecasts jus t reviewed provide a 
range of p rice-sensitive forecasts of e le c t r ic i ty  demand. The SLED 
base case forecast was actua lly  premised on real escalation rates for  
prices o f e le c t r ic i ty  and natural gas from the 1980 Annual Report to 
Congress (U.S. Department of Energy, 1981h). Other factors, however, 
shape e le c t r ic i ty  demand growth rates and are not accounted fo r in the 
SLED model. The assumed impacts of federal energy conservation, 
p artic u la r ly  in the residentia l sector, distinguishes the SLED modeling 
e f fo r t  from that of the Energy Information Administration.
I t  is interesting to contrast the price-sensitive SLED forecasts 
to another source of p rice-sensitive  forecasts, one that includes 
assumptions regarding federal energy conservation programs. I t  should 
be noted that in each sector ( re s id e n t ia l ,  commercial, and in d u s tr ia l)  
a tota l potential fo r  cost e ffe c tiv e  energy conservation savings exists .  
The SLED model, however, does not include the potential impact of state
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or federal energy conservation programs on e le c t r ic i ty  demand. The 
Energy Information Administration's forecast, however, models the impact 
of some federal energy conservation policies and programs. The 
exclusion of nonfederal energy conservation policies and programs by the 
SLED and Energy Information Administration's 1980 forecasts is an 
important oversight, a d i f f i c u l t  problem to model, and the focus of 
Chapter 5.
The following discusses the Energy Information Administration's  
assumptions for import o i l  prices, macroeconomic parameters, e la s t ic i ty  
co e ffic ien ts , and federal energy conservation po lic ies . I t  cites a 
single e le c t r ic i ty  demand forecast for the years 1979-1995 fo r the 
administration's middle impact o i l  price path. This forecast is the 
only one to assume nonenforcement of the System Compliance Option of 
the Powerplant and Industrial Fuel Use Act.
Import Oil Prices
Future prices o f world o i l ,  a variable of great p o l i t ic a l  and 
economic uncertainty, drive the Energy Information Administration's 
forecasts of domestic energy supply, demand, and prices. The 
administration developed three import o i l  price paths to capture a 
plausible range of uncertainty in world o il  prices. Table 16 presents 
these three paths, which are the s tarting  point fo r the administration's  
three e le c t r ic i ty  demand forecasts. The middle path, corresponding to a 
real growth rate in the price of imported o il  equal to 3.1 percent 
(1980-1985), is the starting  point fo r the e le c t r ic i ty  forecast reviewed 
la te r  in th is chapter.
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Table 16
Import Oil Price Paths from the Energy Information Administration's
1980 Annual Report to Congress (1979 Dollars)




growth rate  
(1980-1995)1980 1985 1990 1995
Low 31.45 32.00 32.00 32.00 0.001
Middle 31.45 37.00 41.00 50.00 0.031
High 31.45 43.00 49.00 70.00 0.055
Source:
U.S. Department of Energy, 1981c, 1980 Annual Report to Con- 
gressy Vol. 3, Foreaastsy D0E/EIA-0173(80)/3 (Washington, D .C .: Energy
Information Administration), p. 265.
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The three import o il  price paths in Table 16 were developed by 
the Energy Information Administration, using i ts  econometric o i l  market 
simulation model (Vol. 3, Appendix A of the 1980 Annual Report to 
Congress [U.S. Department of Energy, 1981c] contains a description of 
the model). Forecasts of o il  prices from this model are sensitive to 
world o il  demand and non-OPEC o il  supplies, the responsiveness of o il  
demand and supply to changes in the world o i l  p rice , the impact on 
economic growth— feedback e ffe c ts — resulting from a change in the world 
o il  price , an assumption regarding OPEC pricing behavior that defines 
a relationship between OPEC price changes and OPEC capacity u t i l i z a t io n ,  
and a set of maximum sustainable OPEC production capacities estimated 
over the forecast period. C learly , o il  supply disruptions were not 
predicted with the model; however, such disruptions were responsible 
fo r two sharp price increases in import o il  prices in the past decade 
(1973-1974 and la te  1979).
I f  the behavior of world o il  prices over the past decade is any 
indication of i ts  future behavior, a wide range of p o s s ib il it ie s  exists  
for future growth rates in real world o il  prices. These prices could 
decrease in real terms as they did from 1974-1978, or in f la te  in real 
terms as they did to 1980 from any previous year (Table 17). Oil 
prices, however, are l ik e ly  to escalate in real terms in the long run 
due to diminishing o i l  reserves and increased world demand. In 
addition, jump d iscontinuities in the world o i l  price could result  
from o il  supply disruptions. Some specific factors (excluding o il  
supply disruptions) l ik e ly  to a ffe c t  the path of real import o i l  prices 
include the discovery of large o i l  reserves such as the giant Reforma
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Table 17
Historic Import Oil Prices fo r Select Years (Deflated with 
GNP Im p lic it  Price Deflator)
Year
Import o il  price  
(current $ )*
Im p lic it  price 
d e fla to rt
Import o il  price 
(constant $)
1974 12.5 114.92 10.88
1978 14.6 150.05 9.73
1980 33.7 177.36 19.00
*
U.S. Department of Energy, 1980c, Monthly Energy Review 
(Washington, D.C.: Energy Information Administration), December issues
of each year.
^Council of Economic Advisors, 1981, Economie Indicators 
(Washington, D.C.: U.S. Government Printing O ffice, 97th Congress,
1st Session, Joint Economic Committee).
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f ie ld s  in Mexico, economic growth in developing countries (Desprairies,
1980), energy conservation p o lic ies , and the price at which backstop
technologies such as shale o il  can be produced and substituted for  
imported o il  (Mead, 1979; Pindyck, 1979).
The previous discussion indicates potential variables that w il l  
impact world o il  prices. The f in a l e ffe c t of changing world o il  prices 
on e le c t r ic i ty  demand is d irec t and ind irec t. Direct impacts resu lt  
from o il  being purchased by o i l - f i r e d  e le c tr ic  generating plants; 
these impacts w il l  be minimal in the 21-state NGP coal market region 
because the percent of e le c t r ic i ty  generated by o il  is small—equaling 
about 4.0 percent in 1979 (Edison E lectric  In s t i tu te ,  1980).
The ind irec t effects of ris ing world o il  prices, however, are 
important and w il l  a f fe c t  e le c t r ic i ty  demand in the 21-state NGP coal 
market region. Pindyck and Hall (1981) have summarized two impacts of 
ris ing world o il  prices on industria lized  economies. F irs t ,  to ta l  
domestic consumption and production f a l l  as a resu lt of ris ing o il  
prices taking a larger and larger share of people's real incomes— the 
income e ffe c t.
Second, rapid increases in prices for imported o il  w il l  fuel 
in f la t io n  and reduce domestic capital investment, leading to reduced 
employment, income, and production. C learly , feedback mechanisms 
exist between these macro parameters and the world o il  price. The 
next section reviews the Energy Information Administration's impact 
estimates of the three import o i l  price paths on macroeconomic 
parameters.
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Macroeconomi c Condi t i  ons
For the midterm, the 1980 Annual Repont to Congress (U.S. 
Department o f Energy, 1981c) reported values fo r three macroeconomic 
variables fo r  each of the three import o il  price paths. Using Data 
Resources, Inc. forecast values fo r the same macroeconomic variables  
(TRENDL0NG2005 pro jections), the Energy Information Administration 
developed a set of specific  macroeconomic conditions for each of the 
three import o il  price paths. Table IB contains the Data Resources,
Inc. i n i t i a l  TRENDL0NG1005 conditions and the Energy Information 
Administration's resulting macroeconomic conditions for the three 
import o il  price paths.
The impact of r is ing world o il  prices is evident from a 
comparison of the macroeconomic conditions from the Energy Information 
Administration's low and high import o il  price paths (Table 18).
The se n s it iv ity  of these macroeconomic parameters to the differences 
in world o il  prices (low to high import o i l  price paths) is analyzed 
in Table 19.
As is evident in Table 19, GNP and disposable personal income 
respond inversely to r is ing  world o il  prices, the impact on GNP being 
quite large in 1995—a 25 percent reduction. The im p lic it  price  
defla to r is pos itive ly  affected by the ris ing  world o il  price. The 
f ina l impact on e le c t r ic i ty  demand of the high import o il price path 
re la t iv e  to the low import o il  price is neg lig ib le . In 1995, fo r  
example, the price of imported o il  in the high import o il  price is 
119 percent greater than the low import o il  p rice , but e le c t r ic i ty  
demand declines by only 1.6 percent.
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Table 18
Annual Percent Growth Rates of Important Macroeconomic Variables 
from Data Resources, In c . 's  TRENDL0NG2005 Forecast and fo r Each










Real GNP 3.2 2.7 2.2
Real disposable income 2.9 2.7 2.1
GNP defla tor 8.5 7.8 6.6
Low Import Oil Price
Real GNP 3.3 2.9 2.4
Real disposable income 3.2 2.8 2.3
GNP defla to r 8.5 7.8 6.6
Medium Import Oil Price
Real GNP 3.2 2.8 2.1
Real disposable income 3.1 2.8 2.2
GNP defla tor 8.5 7.8 6.6
High Import Oil Price
Real GNP 3.1 2.8 1.8
Real disposable income 3.0 2.8 2.1
GNP defla tor 8.9 8.0 7.0
Source:
U.S. Department of Energy, 1980h, Dcwlan lU'.popb bo iVie 1D80 
Annual Report to Congress (Washington, U.C.: Energy Information
Administration), pp. B-5 and B-6.
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Table 19
S ens it iv ity  of Macroeconomic Parameters and E le c tr ic ity  Demand to the 









Import o il  pricet 34 53 119
GNPi -6 .1 -3 .5 -25
Disposable personal incomet -6 .3 No change -8 .7
GNP d e fla to rt 4.7 2.6 6.1
E le c tr ic i ty  demand (kwh)§ - .5 - .3 -1 .6
Computed as -[{High Import Oil Price Value/Low Import Oil 
Price Value) + 1 ) ] .
^Derived from Table 16.
^Derived from Table 18.
^U.S. Department o f Energy, 1980h, Service Report to the 
1980 Annual Report to Congress (Washington, D.C.: Energy Information
Administration), pp. A-1 through A-122.
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In addition to the above variables, the Energy Information 
Administration has assumed that the nation's population w il l  grow at  
0.8 percent per year un til 1995. At the national le v e l,  this is the 
same growth rate used in the SLED model; however, regional differences  
may ex is t.
Parameter Estimates
The 1980 Annual Report to Congress (U.S. Department of Energy, 
1981c) did not report the values of e la s t ic i ty  parameters for  
important price variables as did e a r l ie r  annual reports. The same 
parameters, however, used in the 1980 report were also used in the 1979 
report (Wagner, 1981). Table 20 shows these parameters which are 
averages fo r the nation.
Some important differences ex is t between the magnitudes and 
characteristics o f e la s t ic i ty  parameters from the SLED and 1980 Energy 
Information Administration report models. F ir s t ,  a l l  o f the 
administration's 1980 report own-price e la s t ic i ty  of demand 
coeffic ients exceed, in absolute terms, those generated by the SLED 
model which are averaged across the f iv e  census regions for each sector. 
Moreover, by 1995 the differences are even greater because of the 
variable nature of the 1980 report e la s t ic i t ie s  re la t iv e  to the constant 
SLED e la s t ic i t ie s .  Other things being equal, such as growth rates in 
e le c t r ic i ty  prices, the SLED model would generate forecasts of 
e le c t r ic i ty  demand higher than those in the 1980 report.
Second, the cross-price e la s t ic i ty  coeffic ients  for natural 
gas (Table 20) d i f f e r  considerably between the SLED and Energy 
Information Administration report models. The differences, however.

































A Comparison o f Own- and Cross-price E la s t ic i t ie s  from the Energy Information Administration 's







E le c t r ic i ty Natural gas E le c t r ic i ty Natural gas
Residential -0.33± (-0.242)5 0.07 (0.032) -0.38 (-0.242) 0.12 (0.032)
Commercial -0.44 (-0.254) 0.02 (0.054) -0.48 (-0.254) 0.03 (0.054)
Industr ia l -0.37 (-0.183) 0.04 (0.077) -0.49 (-0.183) 0.10 (0.077)
The 1980 figures were not published; these 1979 figures are the same as fo r  1980. S. Wagner, 
personal communication, U.S. Department o f Energy, Energy Information Administration, Washington, D.C.
^The entries indicate the percent change in e le c t r ic i ty  demand in response to a 1 percent change in 
the average price o f the column fue l.
^Values in parentheses are simple averages, across census regions, from the SLED model. See Tables 
8 through 10 o f th is  chapter.
^ E la s t ic i ty  values not in parentheses are from the U.S. Department of Energy, 1979a, Annual Report 




vary with respect to sector and year of forecast. In the residentia l  
sector, the 1980 administration's report cross-price e la s t ic i ty  
coeffic ients  for natural gas more than double those from the SLED model 
which, again, are averaged across the census regions. In the commercial 
sector, the SLED model's cross-price e la s t ic i t ie s  for natural gas 
exceed those in the 1980 administration report. F in a lly ,  the Energy 
Information Administration industria l cross-price e la s t ic i t ie s  for natural 
gas in 1985 and 1995 bracket the constant cross-price e la s t ic i ty  from 
the SLED model fo r th is sector.
Federal Energy Conservation 
Policies
As stated e a r l ie r ,  in the Energy Information Administration's 
1980 Annual Report to Congress (U.S. Department of Energy, 1981c), some 
to ta l potential fo r  cost e ffe c tive  energy conservation exists in each 
energy sector. Any reduction of th is potential w i l l ,  to some extent, 
affec t e le c t r ic i ty  demand growth rates, consequently a major function 
of an e le c t r ic i ty  demand forecast should be the analysis and integration  
of policy variables that w il l  influence e le c t r ic i ty  demand. The 
administration's 1980 report addresses, to a lim ited extent, th is  
important function of energy forecasting. The administration's forecast 
is the only one reviewed in th is  chapter that accounts for impacts of 
recently legis lated federal energy conservation policies (U.S. Department 
of Energy, 1981c). Unfortunately, the separate e ffe c t of these policies  
was not reported by the administration but was buried in i ts  f ina l  
e le c tr ic i ty  demand forecast along with the e ffe c t of a l l  other variables  
and polic ies . As a re s u lt ,  the following review of these policy
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impacts, gleaned from various sources, may not be the exact assumptions 
used in the 1980 report. This review f i r s t  focuses on a sector and then 
on specific policy impacts.
Residential sector and policy impacts. In i ts  1980 report, the 
Energy Information Administration modeled the impacts of several federal 
energy conservation programs which included (1) Consumer Products 
Energy Performance Standards, (2) the Buildings Energy Performance 
Standards, and (3) federal tax cred it induced energy conservation.
The Consumer Products Energy Performance Standards program, in i t ia te d  
under the Energy Policy and Conservation Act (PL 94-163), was la te r  
amended by the National Energy Conservation Policy Act (PL 95-619). The 
la te r  act established minimal effic iency standards fo r 13 consumer 
products that account fo r over 90 percent o f residentia l energy 
consumption. The cumulative national energy savings that would resu lt  
from the program has been estimated to range from between 13.64 and 
24.87 quad BTUs of primary energy over the years 1982-2005 (U.S. 
Department o f Energy, 1980 i). These savings depend on assumed growth 
rates of re la tive  energy prices. The lower cumulative figure o f 13.64 
quad BTUs would occur i f  e le c t r ic i ty  prices in f la te  at a 2.5 percent 
real rate and i f  o il  and gas prices in f la te  at a 3.0 percent real ra te .  
The higher cumulate energy savings of 24.87 quad BTUs would resu lt i f  
a l l  prices escalate a t much slower rates; in th is la t te r  case, 
e le c t r ic i ty  prices must escalate at 1 percent per year and o i l  and gas 
at 1.5 percent per year— both in real terms. E le c tr ic i ty 's  share of 
the cumulative savings ranges from 10 to 17.7 quad BTUs for the two 
cases.
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Since the Reagan administration has withdrawn the Consumer 
Products Energy Performance Standards program fo r réévaluation and 
possible scu ttling , the cumulative savings may be a moot point (Marshall,
1981). In the absence o f this federal program, however, states may 
implement th e ir  own standards, as Californ ia already has done (see 
Chapter 5 ).
The 1980 Annual Report to Congress (U.S. Department o f Energy, 
1981c) also modeled the impact of energy performance standards fo r new 
buildings. These standards were proposed in order to give energy 
conservation more weight in the building design decision process. The 
Energy Information Administration does not estimate the expected 
impact of these standards on macrolevel energy consumption; however, 
the U.S. Department of Energy's Office of the Assistant Secretary for 
Conservation and Solar Energy did estimate macrolevel national impacts: 
residential energy savings--cumulative from 1980-2020—are expected to 
equal 11.26 quad BTUs. This estimate is fo r new buildings and assumes 
an annual real price escalation rate o f 2.81 percent for natural gas 
and 1,54 percent fo r e le c t r ic i ty  (U.S. Department of Energy, 1980b).
These fuel escalation rates, generated by the Energy Information 
Administration, are lower than th e ir  more recent projections fo r the 
years 1979-1995 which equaled 1.7  percent and 5,1 percent annual real 
price escalation for e le c t r ic i ty  and natural gas, respectively (see 
Table 13). These higher prices tend to reduce the nonprice-induced 
energy savings a ttr ib u tab le  to the energy performance standards fo r new 
buildings.
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A th ird  source o f residentia l energy savings modeled by the 
Energy Information Administration included the impact of the Energy Tax 
Act o f 1978 (PL 95-618). Unlike the appliance and buildings energy 
standards, the Energy Tax Act is in e ffe c t  and is experiencing a success 
rate that exceeds the administration's expectations. Under this ac t,  
a homeowner can receive a maximum tax cred it of $2,200 for renewable 
energy expenditures. In 1980, th is  cred it ce iling  was increased to 
$4,000 (40% of the f i r s t  $10,000 of expenditures) with the passage of 
the Crude Oil Windfall Profits  Tax Act of 1980 (PL 96-223) j  the tax 
cred it fo r qualifying energy conservation expenditures remains 
unchanged at 15 percent fo r expenditures up to $2,000 (Solar Energy 
Research In s t i tu te ,  1980). The administration assumed that, as a 
resu lt of the Energy Tax Act, four m illion  residents per year would 
r e t r o f i t  th e ir  homes between 1978 and 1985.
The success of the Energy Tax Act program can be measured 
crudely by Internal Revenue Service figures on residentia l partic ipation  
rates. In 1978, roughly 5.9 m illion  federal tax returns, with Energy 
Tax Act c red its , were f i le d  with the Internal Revenue Service. Total 
expenditures on conservation exceeded $4.1 b i l l io n  nationally , or about 
$700 on conservation expenditures per residence {U.S. Department of the 
Treasury, 1981). Because the tax credits were retroactive to 22 April 
1977, these s ta t is t ic s  also include conservation expenditures made a f te r  
this date. On a pro rata basis, about 3.5 m illion  returns would have 
been f i le d  in 1978. I t  is more l ik e ly ,  however, that the tax cred it  
was e ffe c tiv e  in encouraging conservation expenditures and that more 
than 3.5 m illion  returns were f i le d  in 1978. One can, moreover, expect 
that a learning curve of sorts operates, and that the rate of
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partic ipation  in each succeeding year w il l  increase. Returns with 
renewable energy expenditures numbered 69,000 fo r the 1977-1978 period 
with an average expenditure per resident of $1,800.
In 1979, the number of returns f i le d  with conservation and 
renewable energy tax credits numbered about 4.8 million-exceeding the 
Energy Information Administration's projections—and 76,000, 
respectively (U.S. Department of the Treasury, 1981). The average 
expenditures, in current d o lla rs , on renewable energy projects increased 
by about 36 percent per structure over the 1978 leve l.
F in a lly ,  the Energy Information Administration has reported 
no estimates of s ta te -leve l impacts of these programs. The impact of 
th e ir  absence ( i f  repealed) or presence on e le c t r ic i ty  demand in the 
21-state NGP coal market region is consequently not known. The same 
problem holds fo r programs in the commercial and industrial sectors.
Commercial and industrial sectors. The Energy Information 
Administration forecast includes three energy conservation programs 
that a ffe c t  the commercial demand fo r energy in the midterm:
(1) energy performance standards fo r new commercial buildings,
(2) conservation goals for federal agencies, and (3) a matching grant 
program to assist schools to conserve energy. Estimates of cumulative 
savings between 1980 and 2020 from the energy performance standards 
for new commercial buildings, made by the U.S. Department of Energy's 
Office o f the Assistant Secretary for Conservation and Solar Energy, 
range from 17.7-25.92 quad BTUs. As with the residential sector, the 
actual savings that could occur would be less than the lower estimate 
of 17.7 quad BTUs, given current energy prices and the administration’ s
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expected in f la t io n  rates (U.S. Department of Energy, 1980b). The Energy 
Information Administration did not report the f in a l e ffe c t  of this  
program and the other two on i ts  e le c t r ic i ty  demand forecasts. The 
Service Report to the 1980 Annuat Report to Congress (U.S. Department of 
Energy, 1980h) did not include any energy conservation assumptions fo r  
the midterm forecast of energy demand in the industria l sector.
The Energy Information Administration's  
E le c tr ic i ty  Demand Forecast: A
Summa ry
The scenario-dependent and -independent assumptions that  
influence the Energy Information Administration's e le c t r ic i ty  demand 
forecast were reviewed; they include values for the imported price 
of o i l ,  some macroeconomic variables, a population growth ra te ,  
e la s t ic i ty  parameters, and energy conservation a c t iv i ty .  The inclusion 
of energy conservation a c t iv i ty  is the major d is tinction  between the 
administration's modeling e f fo r t  and the SLED modeling e f fo r t .
The resultant e le c t r ic i ty  demand forecast from the 1980 Annual 
Report to Congress (U.S. Department o f Energy, 1981c), summarized in 
Table 21, covers the f iv e  U.S. Department of Energy demand regions that  
overlap the 21-state NGP coal market region. The forecast thus includes 
four states (Ohio, Utah, New Mexico, and Alaska) that l i e  outside the 
21-state NGP market region. For these f iv e  U.S. Department of Energy 
demand regions, the weighted average annual percent growth rate in 
e le c t r ic i ty  demand was computed and equals 3.44 percent for the years 
1979-1995. I f  the annual percent growth rates for these f ive  U.S. 
Department o f Energy regions are applied to ju s t those states in the
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Table 21
The Energy Information Administration's 1980 Forecast of 
Sectoral E le c tr ic i ty  Demand for Five U.S. Department of 
Energy Demand Regions (M illions of kwh)
Region
Actual 1979 
e le c t r ic i ty  
demand*
Forecast 1995 
e le c t r ic i ty  
demandt
Annual percent 
growth ra tes ,  
1979-1995
5 405,726 635,563 2.84
6 229,192 476,231 4.68
7 95,957 158,880 3.15
8 56,738 108,118 4.11
10 126,277 175,439 2.07
3.44$
Actual e le c t r ic i ty  demand in the re s id en tia l,  commercial, and 
industria l sectors. Edison E lectric  In s t i tu te ,  1980, Statistical 
Yearbook of the Electric Utility Industry/1979, No. 47 (Washington, 
D.C.: The Association of E lectric  Companies), pp. 20-22.
ffhe values are from the Energy Information Administration's  
medium import o il  price path and assume that the System Compliance 
Option of the Powerplant and Industrial Fuel Use Act is not enforced. 
U.S. Department of Energy, 1980h, Service Report to the 1980 Annual 
Report to Congress (Washington, D .C .: Energy Information Administra­
t io n ) ,  p. 130.
t Weighted average.
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21-state NGP coal market area, the resu lt is a new weighted average 
annual percent growth rate of 3.5 percent (Table 22).
Table 23 summarizes th is Energy Information Administration 
e le c t r ic i ty  demand forecast fo r to ta l e le c t r ic i ty  generated. These 
values were obtained using the same technique discussed in the 
previous section on the SLED forecast; e le c t r ic i ty  sales to the three 
primary sectors were m ultip lied  by a factor of 1.1532 to obtain tota l 
generation for the three primary sectors and the other category.
This summary fo r e le c t r ic i ty  demand growth rates includes 
only the years 1979-1995. Growth rates fo r the years 1995-2000 and 
2000-2010 remain to be determined. Because the Energy Information 
Administration did not report forecasts of e le c t r ic i ty  growth rates 
for the years 1995-2000, one simply can extrapolate the 1979-1995 
trend to include this gap. A fter the year 2000, the administration  
provides one growth rate for u t i l i t y  generated e le c t r ic i ty  which
equals 1.9 percent (U.S. Department of Energy, 1981c). This growth 
rate w il l  be used for the en tire  21-state NGP coal market region for  
the years 2000-2010. I t  also w il l  be used with the SLED forecasts 
which extend only to the year 2000.
National E lec tric  R e l ia b i l i ty  Council
The National E lec tric  R e l ia b i l i ty  Council annually projects net 
e le c tr ic a l energy generated for the nation and subregions. (Net 
e le c tr ic a l energy generated includes transmission and d istribution  
losses but excludes generation losses.) The National E lectric  
R e lia b i l i ty  Council forecasts are of special in terest because they
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Table 22
E le c tr ic i ty  Demand in the 21-state NGP Coal Market Region
(M illions of kwh)
State
Actual 1979 
e le c t r ic i ty  
demand*
Forecast 1995 





Idaho 15,399 21,373 2.07
Oregon 37,383 51,885 2.07
Washington 70,811 98,281 2.07
I l l in o is 92,301 144,477 2.84
Indiana 56,106 87.822 2.84
Michigan 69,623 108,979 2.84
Minnesota 32,849 51,418 2.84
Wisconsin 36,001 56,352 2.84
Iowa 24,001 39,422 3.15
Kansas 21,266 34,929 3.15
Missouri 37.627 62,803 3.15
Nebraska 13,063 21.456 3.15
Colorado 19,991 38,081 4.11
Montana 10,875 20.716 4.11
North Dakota 4,944 9,418 4.11
South Dakota 4,541 8,650 4.11
Wyoming 6,341 12,079 4.11
Arkansas 21,239 44,152 4.68
Louisiana 53,554 111,329 4.68
Oklahoma 27,754 57,696 4.68
Texas 163,128 339,116 4.68
Totals 818,797 1,419,435 3.5$
Actual e le c t r ic i ty  demand in the re s id e n tia l,  commercial, and 
industria l sectors. Edison E lectric  In s t itu te ,  1980, Statistical 
Yearbook of the Electvic Utility Industry/1979 r, No. 47 (Washington, 
D.C.: The Association of E lectric  Companies), pp. 20-22.
tfhese values are from the Energy Information Administration's 
medium import o il price path and assume that the System Compliance 
Option of the Powerplant and Industrial Fuel Use Act is not enforced. 
U.S. Department of Energy, 1980h, Service Kaport to the 1980 Annual 
Report to Congress (Washington, D.C.: Energy Information Administra­
t io n ) ,  p. 130.
^Weighted average.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
78
Table 23
Total E le c tr ic ity  Generated and Forecast in the 21-state  
NGP Coal Market Region (M illions of kwh)
*
Forecast
Actual 1979 1985 1990 1995
938,736 1,160,708 .1,378,559 1,637,293
Values fo r 1985» 1990, and 1995 were derived by escalating 1979 
sales to the re s id en tia l,  commercial, and industrial sectors at an 
annual rate of 3.5 percent, then multiplying this resu lt by a factor of 
1.1532.
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represent the e le c tr ic  u t i l i t y  industry's best estimate of future  
e le c t r ic i ty  demand. In that the industry prim arily is concerned with 
providing re l ia b le  service, the council forecasts can be expected to err  
on the side of overforecasting e le c t r ic i ty  demand. A council forecast 
consequently provides an in tu it iv e ly  appealing ce iling  forecast of 
e le c t r ic i ty  demand fo r a region that approximates but does not exactly 
equal the 21-state NGP coal market region. In the following analysis, 
h is to ric  council forecasts are used to develop an upper l im it  on growth 
in net e le c tr ic a l energy generated fo r the 21-state NGP coal market 
region.
The National E lec tric  R e l ia b i l i ty  Council is comprised of nine 
council members, or physical regions, six of which contain the 21-state  
NGP coal market region. A council's forecast is a summary of individual 
u t i l i t y  forecasts in i ts  region. U t i l i t i e s  in turn use diverse methods 
to forecast e le c t r ic i ty  demand, from simple trending to sophisticated 
econometric and end-use techniques (E lec tr ic  Power Research In s t i tu te ,  
1979).
The National E lec tric  R e l ia b i l i ty  Council's (1981) most recent 
forecast of net e le c tr ic a l energy generated fo r the six council 
regions that overlap the 21-state NGP coal market region equals about 
3.8 percent annual growth fo r the years 1981-1990. Along with the 
growth rate from the Oak Ridge National Laboratory's SLED low e le c tr ic  
price scenario, this rate is one of the highest reviewed in this  
chapter. In l ig h t  of the council's h is to ric  forecasting record of net 
e le c tr ic a l  energy generated, however, th is growth rate (3.8% per annum) 
is expected to exceed that which actually  w il l  occur.
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Because the National E lectric  R e l ia b i l i ty  Council has reported 
forecasts o f net e le c tr ic a l energy generated by council region since 
1976, one can analyze i ts  h is toric  accuracy in th is forecasting fo r the 
years in which actual values are known (1976-1980). To analyze the 
error pattern , however, some states that do not l i e  in the NGP coal 
market region must be included in the analysis (Table 24). Table 25 
contrasts actual net e le c tr ic a l energy generated for the years 1976-1980 
with the council's forecasts. I t  is evident from this comparison th at,  
in terms of percent error calculations, the council's forecast error has 
increased the more d istant the forecast year. For example, the 1976 
forecast of 1976 net e le c tr ic a l  energy generated (1,260,128 kwh) 
resulted in an error of -0 .2  percent--an underforecast—whereas the 
1976 forecast fo r the year 1980 (1,628,043 kwh) resulted in an error of 
14 percent—an overforecast. Over the years 1976-1980, the council's 
percentage error in forecasts (1976 forecast fo r 1976-1980) increased 
monotonically.
The usefulness of knowing th is trend of forecast error l ie s  in 
an adjustment, or correction, of the current 1981 National E lectric  
R e lia b i l i ty  Council's forecast o f net e le c tr ic a l energy generated that 
can be applied to future years. For example, i f  a maximum forecast 
error of 10 percent is assumed in the tenth years o f the council's 
forecast (the actual error on the 1976 forecast of net e le c tr ic a l  
energy generated for the year 1980, a four-year forecast, equaled about 
14%), the 1990 forecast can be reduced by this percent and the im p lic it  
growth rate in net e le c tr ic a l energy generated fo r the years 1981-1990 
recomputed. When th is analysis is applied to the growth rate in tota l
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Table 24
The 1981 National E lectric  R e l ia b i l i ty  Council 



















Subtotalst 1,216,052 1,764,499 3.79
Non-NGP regions 212,394 310,094
Totals 1,428,447 2,074,593 3.80
ECAR = East Central Area R e l ia b i l i ty  Coordination Agreement, 
ERCOT = E lectric  R e l ia b i l i ty  Council of Texas, MAIN = Mid-American 
Interpool Network, MARCA = Mid-Continent Area R e l ia b i l i ty  Coordination 
Agreement, SWPP = Southwest Power Pool, WSCC = Western Systems 
Coordinating Council, NWPP, Northwest Power Pool Area (includes 
Washington, Oregon, Idaho, Montana, and Utah), RMPA = Rocky Mountain 
Power Area (includes Wyoming and Colorado).
^States included in the subtotals that are not in the NGP 
market region include portions of Ohio, Kentucky, West V irg in ia ,  
V irg in ia , Pennsylvania, Utah, and Mississippi.
coal
Source :
National E lec tric  R e l ia b i l i ty  Council
Supply and Demand 1981-1990 (Princeton, N .J.:  
R e lia b i l i ty  Council), pp. 75-80.
1981, Electr-ie Powei’ 
National E lectric





























Analysis of the National Electric Reliability  Council's Historic Forecasting Record
(Million kwh) for the NGP Region*
Year Natural NEEGt APGRÏ
Year and forecast of NEEG




1977 1,319,501 1,354,132 1,350,043
(0,026) (0.0231)
3.97
1978 1,372,939 1,450,588 1,431,316 1,413,343
(0.057) (0.04) (0.029)
2.5
1979 1,407,265 1,534,797 1,531,697 1,493,275 1,454,197
(0.091) (0.08) (0.06) (0.033)
1.5
1980 1,428,447 1,628,043 1,609,677 1,581,858 1,529,632 1,482,683
(0.14) (0.13) (0.11) (0.07) (0.038)
"k
Values are derived from annual reports by the National Electric Reliability  Council for the years 
1976-1980. These values correspond to net electrical energy generated for six council regions: ECAR (East
Central Area Reliability  Coordination Agreement), ERCOT (Electric Reliability  Council of Texas), MAIN (Mid­
American Interpool Network), MARCA (Mid-Continent Area Reliability Coordination Agreement), SWPP (Southwest 
I  Power Pool), WSCC (Western Systems Coordinating Council). These regions bound the NGP coal market region.
o'P f
'Net electrical energy generated.
■̂ Annual percent growth rate.
^Values in parentheses are percent error calculations computed as follows: [(Forecast NEEG - 
Actual NEEG)/Actual NEEG]. %
8 3
net e le c tr ic a l  energy generated (Table 24 ), the annual percent growth 
rate in net e le c tr ic a l energy generated is reduced from 3.8 percent to 
2.71 percent. I f  the actual council error o f 14 percent is used, the 
resulting annual growth rate in net e le c tr ic a l energy generated for the 
years 1980-1990 fa l ls  to 2.25 percent. I t  is possible that this percent 
error (14%), based on a four-year forecast, underestimates the margin of 
error in the tenth year of a National E lec tric  R e l ia b i l i ty  Council 
forecast. Because the council did not report 10-year forecasts of net 
e le c tr ic a l  energy generated fo r subregions NWPP and RMPA in Table 24, 
i t  is not known i f  the same magnitude of error holds fo r the subtotal 
region in Table 24 which more closely approximates the 21-state  NGP 
coal market area.
An explanation for the National E lec tric  R e l ia b i l i ty  Council's 
tendency to overforecast net e le c tr ic a l energy generated lie s  in part 
with the simple trending techniques used by e le c tr ic  u t i l i t i e s  to 
forecast demand. This tendency is coupled with the actual growth in 
to ta l e le c t r ic i ty  demand which has been decelerating since 1969 in the 
21-state NGP coal market region. The las t  section of this chapter, 
which presents a saturation forecast, provides s ta t is t ic a l  evidence of 
this decelerating growth in e le c t r ic i ty  demand that began in 1969.
Summary
The National E lectric  R e l ia b i l i ty  Council's forecast of net 
e le c tr ic a l energy generated provides an in tu i t iv e ly  appealing forecast 
on growth rates in e le c t r ic i ty  demand for the 21-state NGP coal market 
region. This use of the forecast results from the u t i l i t y  industry's  
responsib ility  for providing re l ia b le  and dependable service, as well
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as the industry's recent h is to ric  record of overforecasting growth rates 
in e le c t r ic i ty  demand.
Furthermore, i f  the u t i l i t i e s  are forecasting a 3.8 percent 
annual growth in net e le c tr ic a l energy generated fo r ju s t 10 years 
(1980-1990), one would expect the rate to be s ig n if ica n tly  lower for a
20-year forecast. For this reason, and because of the u t i l i t y  
industry's forecasting record, a most l ik e ly  ce iling  on e le c t r ic i ty  
demand growth fo r the years 1980-2000 appears to be a 3.5 percent 
annual growth rate which results from the SLED base case forecast and 
Energy Information Administration 1980 forecasts. I t  remains to 
establish a f lo o r  on possible growth rates in e le c t r ic i ty  demand.
The Saturating Demand fo r  E lectrica l Energy
The h is to r ic  demand fo r e le c t r ic i ty  has been shaped by a great 
number of variables, including growth in population and real personal 
income, re la t iv e  real fuel prices, and a saturating demand fo r the 
stock (kw) of e le c tr ic  equipment and i ts  usage (kwh). As indicated in 
e a r l ie r  sections of this chapter, the growth of population and real 
personal income is forecast to decline in re la tion  to h is to ric  growth 
rates. Energy prices, on the other hand, are forecast to experience 
real in f la t io n  rates that exceed h is to ric  rates. Moreover, the 
potential fo r increased ownership and usage of major home appliances 
appears to be saturating, as suggested in the section of this chapter 
on the Oak Ridge National Laboratory's SLED model and as emphasized by 
Eric H irs t ,  e t  a l .  (1978:433):
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Between .1950 and 1975, household ownership of air conditioners, 
refrigerators, freezers, heating systems and water heating systems 
increased dramatically. By .1975, almost all households had heating 
and water heating equipment; more than half of all housholds had 
air conditioning systems. Thus the potential for increasing 
ownership of known energy-using systems is slight.
This section explores a natural extension of the above 
observation regarding the saturation of "known energy using equipment" 
in the residentia l sector. The basic tenent of th is  analysis is that a 
saturating stock of appliances in a residentia l sector is a coincident 
indicator o f a saturating demand for e le c t r ic i ty  in a l l  sectors and, as 
a consequence, a l im it  to growth exists in to ta l e le c t r ic i ty  demand.
This analysis is s im ila r to other s ta t is t ic a l  analyses: the h is toric
growth in to ta l e le c tr ic  generation is observed, followed by f i t t in g  an 
appropriate mathematical function to the h is to r ic  data, and forecasting  
to ta l e le c tr ic  generation to some point in the future.
Methodology
Figure 7 (Chapter 4) summarized the h is to r ic  growth (1940-1979) 
of to ta l e le c tr ic  generation in the 21-state NGP coal market region.
The annual growth in e le c tr ic  generation during the past decade 
(1970-1979) equaled 4.7 percent, a growth rate that appears to be 
s ig n if ica n tly  lower than that of previous decades. An important 
question arises regarding the behavior of e le c t r ic i ty  demand growth 
rates for the 21-state NGP coal market region: is the e le c t r ic i ty
demand growth rate in the most recent decade— 1970-1979--significantly  
lower than in any e a r l ie r  period; that is ,  is there s ta t is t ic a l  evidence 
of a decelerating growth in e lec tr ic  generation? I f  a s ta t is t ic a l ly  
s ign if ican t deceleration trend can be demonstrated, one might postulate
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that to ta l e le c tr ic  demand, and consequently generation, is saturating  
and f i t  to the h is toric  data a mathematical function that behaves 
accordingly. C learly , other factors besides saturating e le c t r ic i ty  
demand also are responsible fo r decelerating growth in e le c tr ic  
generation and include those variables mentioned in the introduction of 
th is  section and the recent trend toward energy conservation. The 
e ffe c t  of energy conservation, however, is buried in the overall 
behavior of e le c t r ic i ty  demand fo r the region.
To perform this analysis, annual percent growth rates were 
computed fo r each pa ir  of years (1940-1941, 1941-1942, e tc . ,  1978-1979) 
from 1940-1979. Next, an i te ra t iv e  search was done to iden tify  the 
presence and the onset of the most recent time period with a slope 
(growth in e le c tr ic  demand) s ig n if ic a n tly  f l a t t e r ,  s ta t is t ic a l ly  
speaking, than any e a r l ie r  time period. The objective of this  
analysis was to find  the slope with the maximum s ta t is t ic a l  significance. 
The annual percent growth rates fo r each pair o f years were ranked, and 
the Mann-Whitney (nonparametric) s ta t is t ic a l  tes t was used fo r the 
analysis; th is test permits the relaxation of the normality and equal 
variance assumptions of parametric s ta t is t ic s  (Hosteller and Rourke, 
1973).
The results of th is  analysis follow: f i r s t ,  when the years
1950-1979 only were included in the analysis, the years 1969-1979 
generated the maximum value fo r the standard normal z -s ta t is t ic  which 
equaled -2.386; the one-tailed significance level in th is  case equaled 
0.85 percent. When a l l  years (1940-1979) are included in the analysis, 
the years 1968-1979 generated the maximum value fo r  the standard normal
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z -s ta t is t ic  equal t o -1.654; the level of significance equaled about
5.0 percent. (The decade of the 1940s was i n i t i a l l y  excluded because of 
the e r ra t ic  behavior o f e le c t r ic i ty  demand growth ra te s .)  This analysis 
indicates that around 1969 the growth rate in total e le c tr ic  generation 
began to decelerate.
Assuming that th is deceleration in the growth of e le c tr ic  
generation results from a saturating demand fo r e le c t r ic i ty ,  along with 
the other factors cited e a r l ie r ,  i t  remains to f i t  an equation to this  
h is toric  data for the purpose of forecasting tota l generation. One such 




where ELEC = to ta l e le c tr ic  generation in the 21-state NGP coal 
market region in year t ,
t = a time variable ,
= a l im it  to e le c tr ic  generation (kwh),
= the in tercept,
Â  = a regression c o e ff ic ie n t ,  and
e = the 2.178— the Napierian logarithm.
This function was f i t  to to ta l e le c tr ic  generation for the years 1940-1979 
with the following results:
ri rp _ _____________________1722 .806_____________________________________ r , Q-j
t , [3.46855 - 0.09485 ( t ) ]  ' ^1 + 0
This function f i t s  the h is to ric  data nearly perfectly  with an of 0.998 
(R  ̂ is the percent o f the to ta l variation in the dependent variable ELEC  ̂
that is explained by regression on the independent variable time [ t ] ) .
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The f in a l use of th is equation is to forecast to ta l e le c tr ic  
generation. Table 26 summarizes the forecast resu lts . The annual 
percent growth ra te ,  in exponential terms and from the year 1979 to the 
years 1990, 2000, and 2010, equals 3.51 percent, 2.47 percent, and 
1.85 percent, respectively. The growth rates fo r the years 1990-2000 
and 2000-2010 demonstrate the e ffe c t o f using a saturation function and 
equal 1.34 percent and 0.6 percent annual growth, respectively.
Summary
Historic e le c tr ic  generation in the 21-state NGP coal market 
was investigated and i t  was s ta t is t ic a l ly  shown that growth in e le c tr ic  
generation began decelerating around 1969. The 20-year growth rate in 
e le c tr ic  generation (1980-2000), which derived from f i t t in g  a lo g is t ic  
function to h is to ric  e le c tr ic  generation and equaled 2.47 percent, is  
the lowest rate derived or reviewed in th is chapter. This analysis is 
admittedly s im plistic  and does not e x p l ic i t ly  account fo r (1) the 
penetration of new e le c tr ic  equipment (e le c tr ic  automobiles, fo r  
example), (2) in terfue l substitution between e le c t r ic i ty  and other 
fu e ls , including solar, and (3) energy conservation measures that could 
lower the growth below 2.47 percent annual ra te .
Conclusion
A Comparison of Forecast Results
In this chapter, two forecasting techniques were used to 
generate a range of e le c t r ic i ty  demand growth rates fo r the 21-state  
NGP coal market region. These techniques included the use of the Oak 
Ridge National Laboratory's SLED econometric model and a simple
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Table 26
A Saturation Forecast of Total E lectric  Generation fo r the 21-state  
NGP Coal Market Region (B il lions  of kwh)
Year
E lectric  generation 1979 1990 2000 2010
Total generation 939 1,373 1,568 1,659
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saturation trending of h is to r ic  e le c tr ic  generation by a lo g is t ic  
equation. In addition to these forecasts, two other sources of e le c tr ic  
forecasts were reviewed: the Energy Information Administration's 1980
Annual Report to Congress (U.S. Department of Energy, 1981c) and the 
National E lec tr ic  R e l ia b i l i ty  Council's 1980-1990 forecast. This 
conclusion reviews major findings from the forecasts and important 
issues related to those findings. F in a lly ,  because th is e le c t r ic i ty  
demand analysis is but one step in forecasting coal demand, the next 
stage in the modeling process is introduced.
The most l ik e ly  annual percent growth rate in e le c t r ic i ty  demand 
for the 21-state NGP coal market region based on these studies fa l ls  
between 2.5 percent and 3.5 percent annual growth for the years 1979-2000. 
This is a more narrow range than was defined in the 1965 Montana 
University coal demand study which suggested a range of 1 percent to 
5 percent fo r roughly the same time period (Montana University Coal 
Demand Study Team, 1976). Table 27 summarizes the forecasts of e le c tr ic  
generation from the four sources c ited ; the corresponding annual percent 
growth rates are summarized in Table 28. As is evident in Table 28, 
there is close agreement between the Energy Information Administration's  
and the Oak Ridge National Laboratory's SLED growth rates. The higher 
administration growth rate corresponds with a shorter forecasting 
period (1979-1995) than the Oak Ridge National Laboratory's SLED 
forecast. Included in Table 28 are two recent growth rates of 
e le c t r ic i ty  demand (see footnotes to Table 28) fo r  the nation (E lec trica l  
World 1980; E lectric  Power Research In s t i tu te ,  1981). These growth
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Table 27
Comparative Forecasts of E lec tric  Generation fo r the 21-state  
NGP Coal Market Region (B illio ns  of kwh)
Actual Forecast
Source 1979 1990 2000 2010
ORNL* SLED base caset 939 1,349 1,911 2,329$
EIA§ 1980 report middle lOPlI 939 1,379 1,945 2,371$
NERC** 1,216 1,765
Saturation equation 939 1,373 1,568 1,659
Oak Ridge National Laboratory.
t fh is  base case forecast was developed by the author and is not 
the original forecast by Chern, e t a l .  (1980a).
^These forecasts, fo r  the year 2010, were obtained by using a 
simple exponential growth rate of 1.9 percent for the years 2000-2010.
^Energy Information Administration.
'*This middle import o il  price path assumes that the System 
Compliance Option of the Powerplant and Industrial Fuel Use Act is not 
enforced.
The National E lec tric  R e l ia b i l i ty  Council's 10-year forecast 
of net e le c tr ic a l energy generated. I t  includes, in addition to sales, 
the losses from transmission and d is tr ibu tion  of e le c t r ic i ty .  The 
forecast also is fo r a region s l ig h t ly  larger than the 21-state NGP 
coal market region.
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Table 28
A Comparison of Annual Percent Growth Rates fo r E lectric  Generation 











ORNLt SLED base case N/A N/A 1.9 3.44






Saturation equation 3.52 1.33 0.56 2.47
E lectric  World** N/A N/A N/A 3.33
EPRitt 2.9-3.2$$  
(1978-2000)
-k
See Table 27 fo r  explanations of the forecasts reviewed.
^Oak Ridge National Laboratory.
^Energy Information Administration.
^Import o i l  price .
^National E lectric  R e l ia b i l i ty  Council.
E lectrica l World, 1980, 3Ist Annual Eleatrioal Industry Forecast 
(New York: McGraw-Hill Book Company), p. 61.
f^E lec tric  Power Research In s t i tu te ,  1981, Demand 80/81:
Forecasts of Energy Consimptton to the Year 2000  ̂ Vol. 1, Forecasts 
and Descriptions of the Forecasting Models EA-2078 (Palo A lto , C a l i f . :  
Applied Forecasting and Analysis, In c . ) ,  pp. 2-3 through 2-31.
^^The forecast range (annual percent growth rates) of 2.9 per­
cent to 3.2 percent are fo r the E lectric  Power Research In s t itu te 's  
Base Line Price Assumption and two assumptions regarding nonprice 
conservation. The 3.2 percent high assumes no nonprice conservation 
and the 2 .9  percent low assumes extra nonprice conservation. Both 
growth rates are fo r net e le c tr ic  production by u t i l i t i e s  fo r the 
en tire  nation.
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ra tes , although fo r the nation, also are bounded by the most l ik e ly  
range developed in th is  study.
An unexpected resu lt in Table 28 is the close agreement between 
the Oak Ridge National Laboratory's SLED base case growth rate of 3.44 
percent (1979-2000) and the Energy Information Administration's 1980 
Annual Report to Congress (U.S. Department of Energy, 1981c) of 3.55 
percent annual growth (1979-1995). Given the differences in own-price 
e la s t ic i t ie s  (Table 20) and conservation assumptions, and the 
s im ila r it ie s  (controlled fo r)  in fuel price escalation rates, one would 
expect the administration's growth rate to be lower than that of the 
SLED base case. The reverse, however, is true. This resu lt perhaps 
is partly  due to the d if fe re n t  time period being compared (1979-1995 
versus 1979-2000); i t  also may derive from other unknown modeling 
assumptions with the two models.
A consistent oversight in the forecasting e ffo rts  reviewed in 
th is chapter (the Oak Ridge Laboratory's SLED, the Energy Information 
Administration, the National E lectric  R e l ia b i l i ty  Council, and the 
saturation equation) would appear to be the exclusion of nonfederal 
energy conservation policies and programs. As is shown in Chapter 5, 
however, state and u t i l i t y  energy conservation programs for residentia l 
customers recently have emerged and gone unnoticed by e le c t r ic i ty  
demand modelers. Also, the range in e le c t r ic i ty  demand growth rates 
derived from the SLED model in this chapter are used in Chapter 6 
to forecast coal demand from the NGP supply region.
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ENERGY CONSERVATION AND REDUCED ELECTRICITY DEMAND
Chapter 4 reviewed e le c t r ic i ty  demand growth rates fo r the
21-state NGP coal market region. A most l ik e ly  range fo r e le c t r ic i ty  
demand growth rates was established between 2.5 percent and 3.5 percent 
growth per year fo r the years 1980-2000. I t  was emphasized that this  
most l ik e ly  range ignored nonfederal (s ta te  and u t i l i t y )  energy 
conservation and renewable energy policies that recently have been
leg is lated .
The objectives of Chapter 5 are twofold: (1) to underscore
the existence of the potential fo r cost e ffe c tiv e  energy savings from 
conservation a c t iv i ty  and (2) to illum inate the recent emergence of 
state level energy conservation and renewable energy programs. In 
addition to these objectives» th is chapter b r ie f ly  analyzes the federal 
energy conservation tax incentive program.
This chapter's major findings include (1) the extent to which 
consumers invest in cost e ffe c tive  energy conservation measures» 
in turn, determines whether or not a 2.5 percent growth in e le c t r ic i ty  
demand is a re lia b le  f lo o r growth ra te , (2) how the response to the 
Energy Tax Act tax cred it program (a policy prototype) is skewed 
toward higher income groups, and (3) a number of recently emerged state  
level programs designed to encourage residentia l energy conservation 
and f a c i l i t a t e  renewable energy development. These issues are reviewed
94
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in turn. Throughout th is chapter, the residential sector is focused 
upon to demonstrate and analyze the potential for energy conservation.
Conservation Potential
Two estimates of energy conservation potential are tersely  
reviewed in this section. The Solar Energy Research In s t itu te 's  (1981) 
Eeport on Building a Sustainable Future projects a range of annual 
percent growth rates for national e le c t r ic i ty  demand that sharply 
diverge from those generated and reviewed e a r l ie r .  The in s t itu te 's  
conclusion in regard to the potential fo r energy conservation in the 
residential and commercial sectors (the buildings sector) follows:
"The energy which can be saved in buildings in the U.S. represents the 
largest and least expensive source which can be supplied during the 
next two decades" (Solar Energy Research In s t i tu te ,  1981:1).
The in s t i tu te 's  demand growth rates were generated based on i ts  
making increasingly stronger assumptions regarding the rea liza tion  of 
the potential of cost-e ffec tive  conservation and renewable energy 
opportunities. Table 29 summarizes these assumptions and the 
concomitant e le c t r ic i ty  demand growth rates for the nation. The range 
in the in s t itu te 's  e le c t r ic i ty  demand growth rates of -1 .4  percent to
2.0 percent c learly  l ie  well below those reviewed in Chapter 4. 
Moreover, the in s t itu te 's  business as usual growth rate of 2.0 percent 
does not assume that cost e ffec tive  energy conservation opportunities 
would be rea lized . The in s t i tu te 's  lower growth rates of -1 .4  percent 
to 0.4 percent do assume th is ,  however, and apparently are based on
the assumed rational economic behavior on the part of consumers, 
producers, and the public sector.
















































1978 demands 679 481 782 0 76 2,108
Year 2000 demands
Electrical World base case 1,424 1,100 1,476 20 120 4,140 3.3
Business as usual case 1,100 870 1,020 20 140 3,150 2.0
SERI* cost effective 
efficiency investments 625 475 900 65 140 2,205 0.4
SERI cost effective 
efficiency and onsite 
solar investments 566 465 900 65 140 2,136 0.2
SERI cost effective 
efficiency and onsite 
generation (industrial 
cogeneration), onsite 








Solar Energy Research Institute.
Source:
Solar Energy Research Institute, 1981, Report on Building a Sustainable Futurê  Vol. 1, Committee 
Print 97-K (Washington, D.C.: U.S. Government Printing Office, 97th Congress, 1st Session, Committee on 
Energy and Commerce), p. 152.
9 7
The importance of the potential fo r residentia l energy 
conservation also has been estimated by the Bonneville Power 
Administration fo r the West Group Area in the Pacific  Northwest (the 
West Group Area includes a l l  of the state of Washington and portions of 
the states of Oregon, Idaho, and Montana).
Residential conservation potential represents nearly half (45%) 
of the total estimates 1990 net potentially achievable savings 
attributed to conservation and renewable resources in the West 
Group Area (Bonneville Power Administration, 1981:23).
This statement is based on a theoretic analysis of the conservation 
potential in the West Group Area. Based on this analysis, a 
p otentia lly  achievable savings of 3,404 MW was estimated for the West 
Group Area in the year 1990. Of th is to ta l ,  1,537 MW or 45 percent 
was derived from the residentia l sector. The Bonneville Power 
Administration's d e fin it io n  of p o ten tia lly  achievable conservation 
includes a l l  technically  feasib le or cost e ffe c tive  conservation less 
an estimated amount that is constrained by economic, socia l, and 
in s t itu t io n a l barr iers . The Bonneville Power Administration's 
assessment, however, largely (65%) depends on the implementation of 
federal appliance effic iency standards.
An important resu lt of th is discussion is that the Solar 
Energy Research In s t itu te 's  business as usual annual percent growth 
rate of 2 percent sets a new f lo o r on e le c t r ic i ty  demand growth rates: 
the previous most l ik e ly  range of uncertainty equaled 2.5 percent to 
3.5 percent. Moreover, the sources of forecasts reviewed also did not 
assume that a l l  cost e ffe c tive  energy conservation opportunities would 
be rea lized . I f  one assumes that a l l  cost e ffe c tiv e  conservation 
opportunities are rea lized , as does the in s t itu te  in one scenario, the
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f lo o r  growth rate in e le c t r ic i ty  demand could equal 0.4 percent, and 
even lower with cost e ffe c tive  solar and cogeneration investments. The 
la s t  section of this chapter reviews the recent emergence of state  
programs designed to encourage th is sort of cost e ffec tive  a c t iv i ty  in 
the residentia l sector. Because the Solar Energy Research In s t itu te  
report does not provide state specific forecasts of e le c t r ic i ty  demand 
in i ts  business as usual scenario, i t  is not known what average growth 
rate would apply fo r jus t the 21-state NGP coal market region.
Microanalysis of Conservation Potential
The following analysis demonstrates one example of the potential 
for energy conservation that exists in the residentia l sector. In this  
example, optimal levels of ce iling  insulation are computed fo r new homes 
constructed in 13 states in the 21-state NGP coal market region. Next, 
these optimal levels of ce iling  insulation are contrasted with the best 
estimates of actual levels of ce iling  insulation in existing homes. 
Id e a lly ,  optimal levels of ce iling  insulation fo r existing homes would 
be computed; however, costs of ins ta lled  insulation were available only 
fo r  new homes. The heat loss analysis in th is section closely follows 
work by others and is outlined in Appendix E (Moyers, 1971; Petersen, 
1974; D u ffie ld , 1977).
Table 30 summarizes the input parameters and the resulting  
optimal levels of ce ilin g  insulation in new homes. Sources and values 
fo r  parameters used in the analysis are given in the footnotes to Table 
30 with one exception. The cost per inch of ins ta lled  ceiling  
insulation in new homes was s ta t is t ic a l ly  computed by f i t t in g  a lin ear  
regression equation to the ins ta lled  cost of batt insulation for three

















































Optimal level of 
ceiling insulation^ 
Without With 
tax credit tax credit 
(inches) (inches)
Denver 11.62 0.05 6,283 3 14 15
Boise 6.75 1.25 5,809 10 10 11
Chicago 14.49 0.85 6,639 1 17 18
New Orleans 9.98 4.2 1,385 35 5 5
Minneapolis 11.79 2.15 8,382 -10 20 22
St. Louis 12.77 1.67 4,900 8 13 14
Omaha 10.76 2,76 6,612 -1 16 18
Tulsa 11.20 3.46 3,860 16 11 12
Portland 7.23 0.82 4,635 24 7 8
Ft. Worth 12.2 2.9 2,405 24 8 9
Houston 12.2 2.9 1,396 33 5 6
Seattle 4.48 3.88 4,424 32 6 7
Cheyenne 8.48 2.04 7,381 -2 15 16
Other parameters held constant; but, in the analysis, include (a) a real consumer discount rate of
4.0 percent (Duffield, 1977; Petersen, et a l . ,  1981), (b) the inside set temperature is 65® F (Leckie, et 
a l . ,  1981), (c) an investment lifetime of 25 years, (e) the ceiling area is 1,500 feet and the ratio of 
roof to ceiling area equals 2.06, and (e) each inch of batt insulation has an assumed R-factor of 3.14,
^U.S. Department of Energy, 1981f, State Energy Fuel Prices by Major Eononomio Sector from 1960 
Through 1979 (Washington, D.C.; Energy Information Administration, Office of the Assistant Administrator 































Table 30 footnotes (continued)
^Real e le c tr ic  price escalation rates were computed by taking the annual percent growth rate 
between a s ta te 's  actual 1979 price and the U.S. Department o f Energy's forecast price in the year 1995, 
The 1995 p rice , an average fo r  the states in each of the U.S. Department o f Energy's 10 demand regions, 
assumes tha t the System Compliance Option o f the Powerplant and Indus tria l Fuel Use Act is  not enforced 
(U.S. Department o f Energy, 1981b, Monthly Energy Review [Washington, D.C.: Energy Information
A d m in is tra tion ]), p. A-108,
^Jim Leckie, e t a l . ,  1981, More Other Homes ana Garbage (San Francisco, C a lif . ;  A Sierra Club 
Book), pp. 210-221.




R-factors: R-19, R-30, and R-38. This regression analysis was
performed on a cross section of 31 c it ie s  in the United States. Data 
were obtained from the National Association of Home Builders Research 
Foundation, Inc. (1980). The following equation resulted:
Cost/R-Factor = 0.0235 + 0.0167 (R-Factor). [19]
(T = 19.5)
The equation generated an R^, a measure o f goodness of f i t  of 0.81.
(R  ̂ is the percent of to ta l variation  in the dependent variable that is 
explained by regression on the independent variable R -fac to r.)  As an 
example, the cost per square foot of ins ta lled  batt ce iling  insulation  
( fo r  a new structure) fo r an R-40 equals 69 cents. As noted, a problem 
with this analysis is that the costs o f an equivalent quantity of 
ceiling  insulation ( in s ta l le d )  is not the same fo r  new and existing  
structures (Welch, 1982). The costs fo r an existing structure could 
exceed the costs fo r a new structure by as much as 50 percent. On the 
other hand, blown-in a t t ic  insulation is less expensive per R-factor than 
batt insulation. I t  is not known how these factors would balance out 
fo r  existing homes in each of the 13 c i t ie s  in Table 30.
Several important observations can be made from the data in 
Table 30. F irs t ,  the Energy Tax Act tax cred it has the anticipated  
e ffe c t of raising the optimal level of ce iling  insulation. Second, an 
obvious positive corre la tion  exists between heating degree days and 
optimal levels of insulation. Figures 8 and 9 provide visual evidence 
of the e ffe c t  of tax credits on the optimal level of ceiling insulation  
and the corresponding to ta l l i f e  cycle costs. Figure 8 shows, fo r the 
City o f Portland, that the optimal level of ce iling  insulation changes
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Figure 8. Optimal levels of ce iling  insulation for the City of 
Portland, Oregon. (Solid lines exclude the e ffe c t  of the federal and 
Oregon's energy tax cred its . Dotted lines include the impact of the 
federal and state energy tax c re d its .)
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Figure 9. Optimal levels of ce iling  insulation for the City of 
Minneapolis, Minnesota. (Solid lines exclude the e ffe c t of the federal 
energy tax c re d it .  Dotted lines include the impact of the federal 
energy tax c re d i t . )
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assuming a consumer takes advantage of the federal 15 percent tax 
cred it (with a ce iling  of $300) and the state of Oregon's 25 percent 
tax cred it (with a ce iling  of $125); the optimal level increases from 
roughly seven to eight inches, and the to ta l l i f e  cycle costs f a l l  by 
$245 from $1,580 to $1,335. Figure 9 shows the impact o f jus t the 
federal 15 percent tax cred it on optimal levels of ce iling  insulation  
for the City of Minneapolis.
I t  remains to contrast optimal levels of ce ilin g  insulation  
(Table 30) to existing levels . This comparison is made d i f f i c u l t  by 
the scarcity of c ity  specific data on the thermal in te g r ity  of homes. 
With the exception of the Pacific  Northwest, data on the thermal 
in te g r ity  of the housing stock are availab le only fo r broad U.S.
Bureau of the Census regions. Table 31 provides a summary of available  
data on existing levels of ce iling  insulation fo r some regions. I t  is 
evident from this table that a large percentage of the housing stock, 
on the average, has existing levels of ce iling  insulation lower than 
the optimal (Table 30). Over 70 percent of the e le c tr ic a l ly  space- 
heated residential structures have less than six inches of ce iling  
insulation. From Table 30, however, in only a few of the 13 c it ie s  is 
the optimal level below six inches: most l i e  above the 10-inch leve l.
As stated e a r l ie r ,  i t  is th is type of analysis for the entire  
residentia l structure (including walls , windows, and f lo o rs ) ,  and 
aggregated to the regional and/or national level , that led to the Solar 
Energy Researth In s t itu te  and Bonneville Power Administration estimates 
of cost e ffe c tiv e  energy conservation opportunities and e le c tr ic i ty  
demand growth rates discussed e a r l ie r .































Existing Levels of Celling Insulation for the U.S. Bureau of the Census Regions and the Pacific Northwest
U.S. Bureau of the Census regions'
















None 15 24 29 10 13 12
Less than three inches 19 28 36 14 17 15
Less than six inches 62 66 71 70 68 54
The census region percents are for all fuels and the winter of 1978-1979. U.S. Department of 
Energy, 1979b, Prelimùiavy Conservation Tables from the National Interim Energy Consumption Surveŷ  
DOE/EIA-0193/p (Washington, D.C.: Energy Information Administration, Office of the Assistant Administrator
for Program Development, Consumption Data System Office), p. 4.
^The U.S. percents are for e lectrically  space-heated homes in the United States for the period 
between January 1977 and December 1978. U.S. Department of Energy, 1980g, Residential Energy Consumption 
Survey: Conservation, DOE/EIA/0107/3 (Washington, D.C.: Office of the Assistant Administrator for 
Program Development), p. 9.
■̂ The percents for Oregon and the Pacific Northwest are for the year 1980 and approximate levels of 
ceiling insulation: 2.5 inches (17%), 6.4 inches (58%) in single-family homes. States in the Pacific 
Northwest include Washington, Oregon, Idaho, and Montana. Bonneville Power Administration, 1980, The
Pacific Nort'ruvest Residential Energy Survey, Vol. 1, Executive Summary (Portland, Ore.: Division of
Power Requirements), p. 28. ,
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Several explanations can be offered fo r the gu lf that exists  
between existing and optimal levels of ce iling  insulation— thermal 
in te g r ity —of structures. The most frequently cited explanation fo r the 
gulf between existing and optimal levels of thermal in te g r ity  is the 
market fa i lu re  argument (Hausman, 1979; O'Neal, e t a l . ,  1980). Builders 
of residentia l structures do not have an in te rest in building a shelter 
that minimizes the l i f e  cycle c o s ts - - in i t ia l  construction and l ife t im e  
energy costs--of the structure. H is to r ic a l ly ,  builders have attempted 
to minimize the purchase price of a shelter. Consumers, on the other 
hand, most l ik e ly  do not have the technical background to compute 
optimal levels of thermal in te g r ity  fo r  a shelter. Moreover, builders 
and consumers have imperfect knowledge on real escalation rates for  
energy prices and tax incentives that may arise in the future. A f in a l  
explanation is that the purchaser of energy conservation measures— 
ceiling  in s u la tio n -- is  an i l lu s tra t io n  of inconspicuous consumption, 
lacking the glamour o f ,  for example, a new car purchase. That is ,  
consumers rate the u t i l i t y  of an equivalent expenditure on nonenergy 
conserving expenditures higher than that of a conservation expenditure.
Policy remedies for the market fa i lu re  arguments previously 
c ited , suggested by Hausman (1979), include (1) tax incentives that 
encourage conservation expenditures by reducing the in i t i a l  capital 
outlay (the emergence of state and u t i l i t y  conservation programs 
discussed in the las t  section of this chapter are designed for th is  
reason), (2) an educational campaign to aid consumers in making rational 
l i f e  cycle costing decisions for conservation expenditures, and 
(3) e ff ic iency  standards for appliances and structures.
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The Energy Tax Act Tax Credit
In 1978, the federal government enacted the Energy Tax Act, 
one of f iv e  pieces of leg is la tion  designed to promote national energy 
se lf-su ff ic ien cy  and reduce the growth in national energy demand.
Under T i t le  I of th is act, a residentia l energy tax cred it equal to 
15 percent of qualifying energy conservation expenditures, with a 
ce ilin g  of $300, was allowed each household. In Table 32, i t  is 
evident th a t ,  although the federal incentive is a tax cred it as opposed 
to a deduction, the beneficiary largely is one of the upper income 
groups: while only 22.8 percent of a l l  returns derive from the
$20,000-$50,000 gross income range, 58.6 percent of a l l  returns with 
residentia l energy expenditures derive from the same range. I t  is 
clear that, as a federal policy directed toward encouraging conserva­
tion , the Energy Tax Act tax cred it is somewhat inequitable.
One possible explanation for this outcome is ,  once again, the 
market fa i lu re  argument that consumers have defective telescopic vision  
(Pigou, 1920; Kemmis, 1981). Consumers discount future benefits of 
energy savings at too fas t a ra te ;  but, as per capita income increases, 
consumers' im p lic it  discount rate and the real opportunity cost of capital 
converge. That is ,  there exists an inverse re lation  between im p lic it  
private discount rates fo r conservation expenditures and per capita 
income (Hausman, 1979). The market fa i lu re  argument also is less valid  
at higher income levels assuming (1) a positive correlation between 
income and education and (2) that the a b i l i t y  to make rational economic 
decisions rises with education. A second aspect of the correlation is































Federal Energy Tax Credit Claims: P a rtic ipa tion  by Income Bracket
(Returns are in 000s) fo r  the United States
Size o f adjusted 
gross income
A ll returns
Returns w ith res iden tia l 
expenditures
energy
Number o f 
returns
Number o f 
returns/ 






Number o f 
re turns/ 




< $ 2,000 9,010 10 .10 11.5 0.1*
$ 2,000- 4,000 9,234 10 .20 16.8 0.3 0.01
4,000- 6,000 8,394 9 .30 79.6 1.0 0.02
6,000- 8,000 8,251 9 .39 160.7 3.0 0.05
8,000- 10,000 6,930 8 .47 229.9 4.0 0.09
10,000- 12,000 6,100 7 .53 205.8 4.0 0.12
12,000- 14,000 5,581 6 .60 260.2 5.0 0.17
14,000- 16,000 5,010 6 .65 363.5 6.0 0.23
15,000- 18,000 4,680 5 .70 437.5 8.0 0.30
18,000- 20,000 4,277 5 .75 504.4 9.0 0.40
20,000- 25,000 8,552) 9 .85 1,288.3) 22.0 0.61
25,000- 30,000 5,387:t 6 .91 888.0:$ 15.0 0.77
30,000- 50,000 6,535) 7 .98 1,220.7) 21.0 0.9
> 50,000 1,471 2 1.0 246 4.0 1.0
Totals 89,771 1.0 5,791.8 1.0
Percents may not sum to 100 due to independent rounding. 
"^22.8 percent. ^58.6 percent.
Source:
U.S. Department o f the Treasury, 1981, individual Incom Tojv Returns: 1978 Statistics of Incomê
In ternal Revenue Service Publication 71 (2-81) (Washington, D.C.: U.S. Department o f the Treasury), 
pp. 87-88. oCO
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that energy and energy conservation are normal goods having positive  
income e la s t ic i ty .
Emerging Nonfederal Energy Conservation
Programs
So fa r ,  th is  chapter has demonstrated that there exists a 
potential fo r cost e ffe c tive  energy conservation a c t iv i ty  in the United
States and the NGP coal market region. Also, the federal Energy Tax Act
tax cred it for conservation expenditures was b r ie f ly  examined with the 
conclusion that a blanket tax c re d it ,  such as the Energy Tax Act tax
c re d it ,  perhaps is not an optimal incentive.
The remainder o f th is chapter examines the recent emergence of 
nonfederal energy conservation programs in the 21-state NGP coal market 
region. These programs so fa r  have been ignored by e le c t r ic i ty  demand 
forecasters, consequently th e ir  long-run impact on e le c t r ic i ty  demand 
Is unknown. This oversight perhaps is unavoidable at present due to 
the modeling and data problems such an endeavor would present.
The Californ ia  State Energy 
Conservation Program
Although not in the 21-state NGP coal market region, the state  
of Californ ia  demonstrates a potential for s ta te - in it ia te d  energy 
conservation a c t iv i ty .  Perhaps because of the s ta te 's  e f fo r t  to 
conserve energy, C a li fo rn ia ’ s state and u t i l i t y  forecasts of e le c t r ic i ty  
demand may be the lowest in the nation. In 1981, Californ ia u t i l i t i e s  
forecast an annual percent growth rate of 2.0 percent fo r total 
e le c t r ic i ty  demand and through the year 2000. The sta te 's  energy
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
110
commission forecasts a lower annual percent growth rate of 1.44 percent 
for the same period (C a lifo rn ia  Energy Commission, 1981).
A nondefinitive l i s t  of residential energy conservation 
programs, that in part may be responsible for C a lifo rn ia 's  low 
e le c t r ic i ty  demand growth ra te s , includes (1) a 55 percent residential 
income tax cred it (25% fo r nonresidential customers) with a ce iling  of
$3,000 fo r solar system expenditures, (2) a 40 percent residential
income tax cred it with a $1,500 ce iling  for qualifying conservation
expenditures (nonresidential sectors have a variable tax credit and a
higher c e i l in g ) ,  and (3) one u t i l i t y .  Pacific  Power and Light, which 
offers zero in terest loans of up to $2,000 per residence for 
conservation measures (repayable upon the sale of the home). Another 
u t i l i t y .  Pacific Gas and E le c tr ic ,  w il l  loan up to $4,000 per dwelling 
for conservation measures.
In addition to these and other state and local energy conserva­
tion and renewable energy programs, California also has effic iency  
standards fo r major household appliances that include re fr ig e ra to rs ,  
freezers, a i r  conditioners, and water heaters. As indicated by the 
Bonneville Power Administration analysis discussed e a r l ie r  in this 
chapter, appliance effic iency standards are a major source of potential 
e le c tr ic  energy conservation. An issue raised by C a lifo rn ia 's  
conservation and renewable energy progressiveness is whether or not 
states in the NGP coal market region w il l  follow the same pattern. 
Although the answer is unknown, the following review of emerging state 
level conservation and renewable energy programs seems to lead a
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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reasonable reader to attach greater weight to the probability  of the 
low e le c t r ic i ty  demand growth rates than to the high growth rates 
reviewed in Chapter 4.
S ta te - in it ia te d  Conservation and 
Renewable Energy Programs
Many states in the 21-state NGP coal market region recently  
have in i t ia te d  tax cred it and deduction programs, and property tax 
exemptions, to encourage energy conservation and the development of 
renewables. Tables 33 and 34 summarize these recently enacted state  
incentives. Table 33 provides results from a s ix -s ta te  survey of 
s ta te - in it ia te d  energy conservation programs. In this tab le , i t  
is evident that only two states have energy conservation tax cred it or 
deduction programs. Two other states, however--Washington and Texas-- 
have no individual income tax structure through which a cred it or 
deduction could be implemented; the state of Washington does have a 
property tax exemption for solar systems. The state of Oregon has had 
an energy conservation tax c red it program in e ffe c t since 1977 and, in 
addition, has documented h is to r ic  rates of partic ipation .
Table 35 summarizes what appears to be a successful tax cred it  
program. Because Oregon's cred it is 25 percent of the cost of a 
qualifying expenditure, with a ce ilin g  of $125, the cumulative 
conservation expenditures in less than four years of experience 
exceeded $56,000,000, or roughly an average of $354 per household.
The state of Arkansas' energy conservation tax deduction program also 
appears to be quite successful. Approximately 26,000 returns with 
energy deductions were f i le d  in 1979 with a to ta l deduction exceeding
































A S ix-sta te  Sample o f S ta te - in it ia te d  Energy Conservation Programs
State Year Description
Arkansas* 1979 Tax deduction program enacted in  January 1979 and expires December 1983. 
This program covers residences' expenditures on energy conservation and 
renewables. Households can take the deduction once fo r renewables and 
again fo r  conservation expenditures. The deduction equals 100 percent o f 
cost.
Michigan 1977 No program.
Oregont 1977 A tax c re d it fo r  weatherization expenditures equal to the lesser o f $125 
or 25 percent o f the conservation expenditure.
Texas and Washington These two states account fo r  over 30 percent o f e le c tr ic  generation in 
the 21-state region; but, because they have no ind iv idua l income tax 
s truc tu re , tax cred its  and deductions are not offered. See Table 34 fo r 
Washington's solar property tax exemption.
Wisconsin No program.
Hal Munzmaier, 1981, personal communication, Revenue D iv is ion , Arkansas Department o f Finance and 
Adm in istra tion, L i t t le  Rock, Aakansas.










































B il l Description o f financ ia l incentive
CH. 535 Laws of 1977
CH. 344 Laws o f 1975
PA 135 (1976)
CH. 786 Laws o f 1978
CH. 574 Laws o f 1977
CH. 576 Laws o f 1977
CH. 508 Laws o f 1975
CH. 537 Laws o f 1977
Allows a homeowner-taxpayer to deduct the to ta l cost o f so lar 
heating and cooling equipment from the in d iv id u a l's  gross income.
Provides tha t solar heating and cooling equipment be assessed at 
5 percent o f th e ir  o rig in a l value when computing property taxes.
Exempts so lar devices from real and personal property taxes.
For purposes o f computing property taxes, the market value o f a 
so lar system is  excluded.
Provides ind iv idual income tax c re d it fo r  in s ta lla t io n  o f a solar 
system in a taxpayer's residence. The c re d it equals 100 percent 
o f the f i r s t  $1,000 and 5 percent fo r  the next $3,000.
Allows personal and corporate income tax deductions fo r solar 
system expenditures. Maximum deduction fo r  a residence is 
$1,800; $3,000 fo r  nonresidential bu ild ings.
Exempts so lar heating and cooling systems from property taxes 
fo r  f iv e  years a fte r in s ta lla t io n .
Provides income tax c re d it fo r  in s ta lla t io n  o f a so lar system 

















Oklahoma CH. 209 Laws o f 1977 Provides income tax c re d it fo r  25 percent ($2,000 c e ilin g )  o f a 

























CH. 212 Laws o f 1976




CH. 434 Laws o f 1976
CH. 196 Laws o f 1977
CH. 460 Laws o f 1975 
and
CH. 196 Laws o f 1977
Allows a homeowner to deduct the to ta l cost o f a so lar system 
over four years w ith an annual c e ilin g  o f $5,000.
Allows owners o f real property and mobile homes to deduct from 
th e ir  annual property tax ob liga tion  the assessed value o f the 
so lar system.
Exempts solar energy systems from property taxes fo r the years 
1979 through 1985, inc lus ive .
Allows income tax cred its  to ind iv idua ls  (25%, ce ilin g  o f $1,000) 
and business (25%, ce ilin g  o f $3,000) fo r  costs o f a solar 
system. There is  a four-year carry forward provision.
A 25 percent income tax c re d it is  provided to residences fo r 
solar system costs ($1,000 c e ilin g ) . The system must, however, 
provide 10 percent o f the s truc tu re 's  energy requirements.
Exempts property with solar equipment from ad valorem taxation 
equal to the assessed value with the system minus the assessed 
































State B i l l Description o f fina nc ia l incentive
South Dakota CH. 74 Laws o f 1978 Allows property tax assessment c re d it fo r  a res iden tia l or 
commercial s truc tu re . The res iden tia l c re d it equals the greater 
o f (1) the d ifference between assessed valuation o f a property 
w ith a so lar system and assessed value w ithout or (2) the 
in s ta lle d  cost o f a system. The commercial c re d it equals 50 
percent o f the in s ta lle d  cost.
Washington CH. 364 Laws o f 1977 Exempts solar systems from property taxation fo r  seven years 
a fte r  in s ta lla t io n  i f  (1) the systems meet required federal 
e ffic ie n cy  standards and (2) the systems are in s ta lle d  before 
31 December 1981.
Wisconsin* 1979 The state o f Wisconsin has a renewable energy d ire c t refund 
program tha t provides refunds to in d iv idu a ls -re s id e n tia l sector, 
business, co-ops, and corporations tha t in s ta ll qua lify ing  
renewable energy systems as fo llow s: the la rgest percent is  fo r 
r e t r o f i t s ;  the smaller, in parentheses, is  fo r  new structures.











Solar 30 (24) 24 (16) 18 (12) 12 (8)
Wind 30 24 18 12
Waste conversion 30 24 18 12
Alcohol 24 12




























Footnotes to Table 34:
John J. N e v ille , 1981, personal communication, hearing d ra ft o f Proposed Rules Relating to 
Renewable Energy Financial Incentives (Madison, Wise.: Department o f Industry, Labor and Human 
Relations.
Source:
B. J. Hurl but, 1979, Aspects of Solar Energy: Buildings Energy Use Book (Oak Ridge, Tenn.: Oak 
Ridge National Laboratory, Regional and Urban Studies Section, Energy D iv is io n ), pp. 6-44 through 6-50.
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Table 35











1977 10,722t 800,413 298
1978 32,757 2,900,000 354
1979 71.879 6,544,627 364
1980 43,403$ 3,845,351 355
Totals 158,761 14,090,391 354
The average expenditure per household is at least four times 
the average credit per household*
^Last quarter of 1977 only. 
^Through 20 July 1980—200 days.
Source :
Oregon Department of Energy, 1981, personal communication and 
unpublished o ffic e  memorandums, Salem, Oregon.
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$15 m illio n  or about $580 per return {Munzmaier, 1981). An interesting  
comparative resu lt in the Oregon and Arkansas programs is that the 
average expenditure by an Arkansas household of $580 nearly doubles the 
average expenditure by Oregon residences, a resu lt that partly  is due 
to the constant 25 percent c red it with a $125 ce iling  while Arkansas' 
incentive is a deduction. The attractiveness of Arkansas' program as 
an investment opportunity varies d ire c t ly  with income.
In 1979, 15 of the 21 states in the NGP coal market region 
offered some sort o f renewable energy tax incentive, including tax 
cred its , deductions, or property tax exemptions. The potential 
effectiveness of the former two incentives is uncertain, however, 
p art ic u la r ly  i f  the states designed th e ir  solar tax incentive to mesh 
with the federal tax c red it  fo r  renewable energy expenditures. The 
le g a lity  of double dipping was raised but not reconciled with the 
enactment of the Crude Oil and Windfall P ro fits  Tax Act o f 1980. This 
act prohibits homeowners from taking the federal 40 percent income tax 
cred it  for renewable energy expenditures i f  the expenditure is 
subsidized by financing from other sources such as s ta te , lo ca l, or 
u t i l i t i e s  (Cobb, 1981). Without the double dipping dilemma, the 
incentive fo r renewable energy expenditures can be quite a ttra c t iv e .
In Wisconsin, for example, a $10,000 solar r e t r o f i t  expenditure in 1982 
would cost a homeowner only $4,200 (see Table 34),
F in a lly ,  Table 36 summarizes the u t i l i t y  low-interest loan 
programs fo r the sample of six states in the 21-state market region.
The importance of u t i l i t y  programs was enhanced with passage of the 
Energy Security Act of 1980. This act removed the $300 ce iling  on loans































Arkansas No Arkansas u t i l i ty  currently offers low-interest loans for energy conservation.*
Oregon  ̂ Two Oregon u t i l i t ie s ;  Pacific Power and Light and Portland General Electric (PGE). Both
provide weatherization financing options to customers with electrically heated homes. PGE 
provides financing of weatherization activities at 6.5 percent interest with a ceiling loan 
of $2,000. A second PGE financing option provides a zero-interest nonamortizing loan for 
the installation of qualifying cost effective weatherization devices. PGE also has a Water 
Heater Incentive Program that provides a lump sum payment of $300 to homeowners who convert 
their electrically heated units to solar. Other u t i l i t ie s  and programs also are in effect 
in this state.
Washingtont Three Washington u t i l i t ie s  currently offer loans for weatherization of dwellings including
Pacific Power and Light, Puget Sound Power and Light, and Washington Water Power Company. 
Contact was not made with these u t i l i t ie s  to ascertain the scope of their loan programs.




C/) Maximum loan ceiling period
o'3 Michigan u t i l i ty ($) Interest rate R-value (years)
Michigan Consolidated Gas Co. 1,500 0 R-19 5



























Michigan u t i l i t y
Maximum loan 







D e tro it Edison 750 0 i f  repaid 





Indiana Michigan E le c tric 750 0 i f  repaid 





Michigan Power Comapny 750 0 i f  repaid 









Hal Munzmaier, 1981, personal communication, Revenue D iv is ion , Arkansas Department o f Finance and 
Adm inistra tion, L i t t le  Rock, Arkansas.
^Shelly Simmering, 1981, The Potential fox* Utility Conservation Investments in Minnesota: A 
Swmary of Utility-sponsored Conservation Programs Across the Country (St. Paul, Minn.: Minnesota Energy
Agency), p. 13.
^Michigan Department o f Commerce, 1981, Conservation dollars. A Guide to Financing Energy Saving 
Home Improvements (Lansing, M ich.: Energy Extension Service), p. 14.
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that a u t i l i t y  could make to households that had been imposed by the 
National Energy Conservation and Policy Act of 1978. Currently, 
u t i l i t i e s  are making conservation loans to homeowners of up to $2,000 
(Table 36).
While i t  is evident u t i l i t i e s  are in a position to make use of 
the potential that exists fo r energy conservation, i t  is not c lear that 
th e ir  incentives always w il l  be equitably d is tributed . For example, the 
e l i g i b i l i t y  requirements imposed by many Michigan u t i l i t i e s  (Table 26) 
l im it  partic ipation  to homeowners (not renters) who are in good 
financia l standing with th e ir  respective u t i l i t i e s .  In the United 
States, however, over 35 percent of the 75 m illio n  occupied dwellings 
are rental units (Counihan and Nemtzon, 1981). Moreover, two of the 
Michigan u t i l i t i e s  w i l l  not provide loans fo r ce iling  insulation i f  the 
existing R-factor—of the ceiling--exceeds R-19. An R-19 is roughly 
equivalent to six inches of batt insulation at $3.19 per inch; i t  can 
be shown that the optimal level of insulation in Michigan, with an 
average of 7,200 heating degree days, probably exceeds 10 inches 
(approximately an R-30). There exists a c o n fl ic t  of in terest in 
having those whose livelihood depends on the consumption of a commodity 
also establish optimal levels of consumption for the same commodity.
Summary
This chapter reviewed estimates of the Bonneville Power 
Administration and the impact of the Solar Energy Research In s t itu te  
rea liz in g  the existing potential fo r  energy conservation. Whether or 
not this potential is realized w il l  depend in part on the success of
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state and u t i l i t y  energy conservation and renewable energy programs.
The e le c t r ic i ty  forecasts reviewed in Chapter 4 do not account fo r the 
potentia l impact of these state level programs and, consequently, th e ir  
combined e ffe c t on e le c t r ic i ty  demand forecasts fo r the 21-state NGP 
coal market region is unknown. Moreover, i t  is not known at this time 
whether or not states in the 21-state NGP coal market region w il l  
adopt appliance e ffic iency  standards such as currently ex ist in the 
state o f C a lifo rn ia . A b r ie f  review of the Federal Energy Tax Act 
indicates that response is strongly skewed toward the high income 
brackets. This act may not be a good model for state policy.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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NORTHERN GREAT PLAINS' COAL PRODUCTION FORECASTS 
FOR ELECTRIC UTILITY STEAM COAL
Future levels of NGP coal production are shaped by a great 
many parameters. This chapter investigates the e ffe c t of a lternate  
e le c t r ic i ty  demand growth rates on NGP coal production at three 
future points in time: 1990, 2000, 2010. The focus is on
delineating a l ik e ly  range of uncertainty for NGP coal production 
rather than discrete forecasts. This chapter only addresses that 
portion of the NGP coal production which derives from the demand 
fo r e le c t r ic i ty  in a 21-state market region. These projections 
represent best estimates of e le c tr ic  u t i l i t y  based NGP coal demand 
and are b r ie f ,  as a matter of necessity, due to the varied subject 
matter from which they evolved.
To develop a most l ik e ly  range of NGP coal production at each 
forecast year, three d if fe re n t  forecast scenarios were developed: a
reference case forecast and two other scenario forecasts. The 
forecasts of NGP coal production are developed using state specific  
e le c t r ic i ty  demand forecasts from the Oak Ridge National Laboratory's 
SLED econometric model reviewed in Chapter 4.
Major findings in this chapter, reviewed in greater detail 
la te r ,  include f i r s t  that a wide range in potential NGP coal 
production exists--even in the nearest forecast year. In the years 
1990, 2000, and 2010, the l ik e ly  range in NGP coal production
123
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generated by this study respectively equals (in  m illions of tons) 
131-161, 146-206, and 177-236. Second, in the year 1990, th is study's 
forecast range fo r NGP coal production is d is t in c t ly  lower than the 
U.S. Department o f Energy's range of 194-401 m illion  tons, but which 
also includes industria l coal demand. In fa c t ,  the two ranges do not 
even overlap. Another source, ICF Incorporated, provides a point 
forecast of 1990 e le c tr ic  u t i l i t y  based NGP coal production of 234 
m illion  tons. A major implication of the difference in the U.S. 
Department of Energy's range of NGP coal production in 1990 and this  
study's range may be the potential fo r  overleasing of coal from the 
Powder River Basin and Fort Union coal regions. Presently, the U.S. 
Department of the In te r io r 's  proposed leasing policies are supposedly 
premised on the U.S. Department of Energy's middle forecast of NGP coal 
production (U.S. Department of Justice, 1980).
This chapter considers (1) the coal forecasting methodology,
(2) three price-sensitive  forecasts of NGP coal production, and
(3) in terfue l substitution fo r e le c tr ic  generation. A f ina l section 
reviews the U.S. Department of Energy and ICF Incorporated forecasts 
of NGP coal production.
NGP Coal Forecasting Methodology
This section outlines the methodology used to generate NGP 
coal forecasts as well as the specific assumptions used that link  the 
coal forecasts to the spatial market model. State specific growth 
rates in e le c tr ic  energy demand are from the Oak Ridge National 
Laboratory's SLED model (Table 37) summarizes base year generation
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Footnotes to Table 37:
CD
8 * -  
3 Edison E le c tric  In s t itu te ,  1980, Statistical Yeavbook of the Electric Utility Industry/1979,
No. 47 (Washington, D.C.: The Association o f E le c tric  Companies), pp. 20-22.
^Where to ta l e le c tr ic  generation in a sta te  is  unequal fo r  the EEIÎ and NGP estimates, coal-by-w ire 
to or from th is  state from the NGP supply region has been added or subtracted depending on the d irec tio n  of 
movement. John D u ffie ld , e t a l . ,  1982, Projections of Coal Demand from the Northern Great Plains Through 
the Year 2010̂  Surface Mining Grant No. G5105076, O ffice o f Surface Mining, U.S. Department o f the In te r io r ,  
Washington, D.C. (Missoula, Mont.: U niversity o f Montana), p. 7-25.
i■’’Edison E lec tric  In s titu te .
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fo r each of 21 s ta tes ). Next, forecast levels o f e le c tr ic  generation 
from o i l ,  gas, hydro, and nuclear are subtracted from forecasts of to ta l  
e le c tr ic  generation in each state and fo r a forecast year. In this  
study, forecasts of hydro, nuclear, o i l ,  and gas generation are assumed 
constant across a l l  scenarios. Next, 1979 levels of to ta l co a l-f ired  
e le c tr ic  generation are subtracted from forecasts o f to ta l e le c tr ic  
generation in each state and a forecast year. The residual generation 
from the above steps is a l l  new growth in e le c tr ic  generation.
The NGP's share o f a sta te 's  co a l-f ired  e le c tr ic  generation is 
determined as described. F ir s t ,  i t  is assumed that NGP's 1979 current 
share (in  tons) o f co a l-f ire d  e le c tr ic  generation w il l  continue 
in d e f in ite ly  into the future. Next, added to this 1979 current share 
is  a percent of the residual in e le c tr ic  generation equal to the percent 
of a s ta te 's  SMSA population that f a l ls  into the NGP spatial market 
region- Any changes in the position o f the market boundary consequently 
w ill  change the percent of a s ta te 's  population fa l l in g  in the NGP 
spatial market region and, as a re s u lt ,  the NGP share of the residual 
coal. This methodology provides a d irec t l in k  between the NGP coal 
forecasts and the spatial market model of Chapter 2.
The market boundaries in Figure 4, Chapter 2, are based on 
estimates of the re la t iv e  levelized costs of competing coals fo r the 
year indicated (generated by Brad Harr [D u ff ie ld , e t a l . ,  1982]) in 
Chapters 1 and 2. An additional consideration is whether or not 
u t i l i t i e s  make th e ir  coal source decisions based on current re a l i ty  
(a t the time of contracting) or fo r the expected on-line year. A 
pragmatic judgment would expect that coal source decisions on most of
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the plants coming on l in e  between 1980 and 1990 w il l  have been based on 
actual and expected conditions faced in 1975 to sometime in the early  
1980s. Accordingly, the 1990 residual share is based on the 1980 base 
market boundary and a s im ilar 10-year lag is assumed for the years 
2000 and 2010 as w ell. The appropriateness of th is assumption depends 
on how accurately u t i l i t i e s  antic ipate and allow for future conditions, 
and on whether or not the lead time for the construction of new plants 
is approximately 10 years in the future.
Summary
This forecasting methodology can he described as having 
knife-edge q ua lit ies  in th a t,  with exception to the 1979 contracts, 
the sole determinant of forecast NGP coal production is the location  
of the market boundary v is -â -y is  a s ta te 's  SMSAs. Table 38 summarizes 
how the NGP's share of co a l-f ire d  e le c tr ic  generation accounts for  
in te rfue l substitution.
Three Price-Sensitive Forecasts of 
NGP Coal Production
Table 39 summarizes forecasts of NGP coal production, providing 
estimates based on price-sensitive  e le c tr ic  forecasts and a population 
weighted market share, assuming a market boundary and in terfuel  
substitution. The future production of NGP coal is greatly affected  
by variations in the assumed growth rate for e le c tr ic  generation in the 
NGP coal market region. F ir s t ,  e le c tr ic  demand forecasts from the Oak 
Ridge National Laboratory's SLED model (Chapter 4} were used to develop 
price-sensitive  NGP coal production forecasts. From the SLED model, a 
range in e le c t r ic i ty  demand growth rates equal to 2.83 percent to
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Table 38
Calculation of NGP's Share of Coal-fired E lectric  Generation:
Population Weighted Share
NGP's share = (1979 current share) + 1990, 2000, 2010 
(population weighted percent of residual generation)*
•k
The d e fin it io n  o f residual is to ta l e le c tr ic  generation in a 
forecast year minus forecast generation from o i l ,  hydro, gas, nuclear, 
and 1979 co a l-f ired  e le c tr ic  generation.
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3 l ik e ly ) 131,005 - 161,222 145,890 - 205,710 176.942 - 235,593











w- Table 39 footnotes (continued)
^The reference case scenario is  based on the ORNL SLED base case e le c tr ic  scenario which 
I  represents a 3.44 percent annual growth in  e le c tr ic  generation fo r  the 21-state NGP coal market region and
the years 1980-2000. A ll scenarios assume a 1.9 percent e le c tr ic  growth rate a fte r  the year 2000. See 
Chapter 4 fo r  additional input assumptions related to the ORNL SLED e le c tr ic  forecasts.












generation fo r  the 21-state NGP coal market region fo r  the years 1979-2000.
g The ORNL SLED high e le c tr ic  growth case corresponds w ith 4.06 percent annual growth rate in
o e le c tr ic  generation fo r  the 21-state NGP coal market region fo r the years 1979-2000. From the review o f
a the National E le c tric  R e lia b il ity  Council's forecast o f net e le c tr ic  energy generated fo r  the years
I ' 1981-1990, i t  is  highly un like ly  tha t th is  high o f an e le c tr ic  demand growth rate w i l l  occur. This point
^ cannot be overemphasized when reviewing the coal forecasts fo r th is  scenario.
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4.06 percent was generated fo r the 21-state NGP coal market region and 
years 1979-2000; the reference, or base case from the SLED model, is 
3.44 percent annual growth. Table 39 summarizes the e ffe c t of these 
SLED growth rates on NGP coal production.
For the reference case with price-sensitive growth and a 
population weighted market, NGP coal production grows at an annual rate  
of about 5 percent fo r the early years of the forecast {NGP coal 
production in 1979 roughly equaled 86 m illion  tons). This 5.0 percent 
annual growth rate in NGP coal production exceeds the 3.44 percent 
growth in e le c t r ic i ty  demand of the SLED base case as a consequence of 
the NGP's coal capturing a share of a new growth in e le c tr ic  generation 
as well as replacing re tired  o i l  and gas-fired generation. For example, 
approximately 938 b i l l io n  kwh were generated in the 21-state NGP coal 
market region in 1979. At a 3.44 percent annual growth ra te , in about 
20 years the number of kwh generated would nearly double. In 1979, NGP 
coal accounted fo r about 14 percent of to ta l generation (about 14% of 
938 b i l l io n  kwh) and, i f  there was no change in generation from hydro, 
nuclear, o i l ,  gas, and non-NGP coal from 1979-2000, the annual growth 
in NGP coal production would have to approach 11 percent per year i f  NGP 
coal provided a l l  new generation. The NGP coal w il l  not, however, 
provide a l l  new generation because non-NGP coal and nuclear generation 
also w i l l  make s ign if ican t contributions.
The e ffe c t of linking NGP coal forecasts to the spatial market 
model reduces NGP coal production s ig n if ic a n t ly  (compare Table 39 
and Figure 4 in Chapter 2 ). This resu lt prim arily is due to the reduced 
physical area of the NGP spatial market region. By linking NGP coal 
forecasts to the market model, four states f a l l  out of the NGP market
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region in the year 1990: Texas, Michigan, Louisiana, Indiana
(see Table 7, Chapter 3 );  in the year 2000, Arkansas, I l l i n o is ,  and 
Oklahoma also f a l l  out.
The largest NGP coal forecast in the year 1990 resulted from the 
Oak Ridge National Laboratory's SLED high e le c tr ic  growth (low e le c tr ic  
price) scenario (Table 39), and equaled 161 m illion  tons per year 
(MTPY). E le c tr ic i ty  demand growth fo r th is scenario and the 21-state  
NGP coal market region equals 4.06 percent annual growth for the years 
1979-2000. As emphasized in Chapter 4, the likelihood of this high 
growth rate is low. The e le c tr ic  u t i l i t y  industry is forecasting only a 
3.8 percent growth in e le c tr ic  generation fo r the years 1980-1990 and 
fo r a region that approximately equals the 21-state NGP coal market 
region.
I t  is of in terest to contrast the previously discussed 
population-weighted NGP coal forecasts to forecasts that re ly on coal 
contract data. That is ,  in place o f population weights one could 
supplant the percents of new and proposed plants (in  tons of coal 
contracted by new and proposed plants) intending to burn NGP coal in 
each state in the 21-state NGP coal market region. Forecast results  
fo r  such a scenario are reported in the recent publication by D uffie ld ,  
et a l .  (1982:Chapter 13). In the year 1990, this study reports a range 
of NGP coal production (based on contract data) of 170-223 MTPY. When 
compared to the range fo r 1990 (Table 39 of th is chapter) of 131-161 
MTPY, i t  is evident that u t i l i t y  decisions, as manifested by contract 
data, do not coincide with the new re a l i t ie s  of escalating r a i l  rates 
and lowered e le c tr ic  growth rates . That is ,  unless e le c tr ic  demand
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grows fas ter than 4.06 percent per year. Other things being equal, the 
contract estimate of 170-223 MTPY w il l  not occur without substantial 
replacement of existing non-NGP capacity by NGP co a l-f ired  e le c tr ic  
generating capacity. There could occur substantial slippage in coal 
contracts from the 170-223 MTPY range to the 131-161 MTPY range.
Also in Chapter 13 of the D u ffie ld , et a l .  (1982) study is an 
analysis o f the impact o f a constant annual percent growth rate in 
e le c t r ic i ty  demand of 2 percent through the year 1990 and 0.5 percent 
th e re a fte r , a scenario that is not e n tire ly  implausible and corresponds 
to one o f the Solar Energy Research In s t itu te 's  midrange conservation 
policy scenarios. The resulting range in NGP coal production in the 
year 2010 never exceeded 171 MTPY under th is  scenario. Evident from 
th is resu lt is a leveling o f f  of e le c tr ic  u t i l i t y  based NGP coal 
production at about 1990 leve ls , a resu lt somewhat in agreement with 
the saturation equation forecast of NGP e le c tr ic  demand (see Chapter 
4 ).
In terfuel Substitution Assumptions in the 
NGP Coal Production
Intrafuel and in terfue l substitution p o s s ib il it ie s  ex is t that 
have potential to a ffe c t  NGP coal production. In trafuel substitution  
among coals was accounted fo r in d ire c t ly  by use of the population 
weighted forecasts discussed e a r l ie r .  In terfuel substitution  
assumptions are discussed in th is section and estimates of forecast 
e le c tr ic  generation from the four prime movers are reviewed: o i l .  gas,
hydro, and nuclear. For each of these prime movers, assumptions have
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been made of future capacities and capacity factors from which state  
level forecasts o f e le c tr ic  generation were estimated. Also for these 
prime movers, a single forecast (a base case) was developed. Forecasts 
of e le c tr ic  generation from these four prime movers are reviewed.
Hydroelectric Generation .
The following reviews the assumptions and data sources used to 
derive state level projections of hydroelectric generation. F ir s t ,  
forecasts of ins ta lled  generating capacity assume existing 1980 levels  
and planned additions through the year 1990. Existing generating 
capacity fo r each state was obtained from the Energy Information 
Administration (U.S. Department of Energy, 1981e); planned additions to 
the 1980 existing capacity also were obtained from the Energy 
Information Administration (U.S. Department of Energy, 1981a).
Due to adverse hydro conditions, the potential for s ign ifican t  
annual short-run variations in hydroelectric generation exist for a 
given level of ins ta lled  capacity. Because this study is concerned 
with the long run, three years (1978-1980) of hydro generation in each 
state were used to derive an estimate of a state specific long-run
average capacity fac tor. Table 40 deta ils  the results of this analysis.
These state specific average capacity factors were, in turn, used to 
forecast state level hydroelectric generation fo r the years 1980-2010 
summarized in Table 41.
As demonstrated in the following example, the variation in 
hydro capacity that would be required to have roughly the same impact
as a 1.0 percent increase or decrease in the growth rate of e le c t r ic i ty
demand is substantial. For example, in 1979 there was approximately
































Derivation of an Average Hydro Capacity Factor for Each State*
State
lotal electric generation 
(10* kwh)
Installed generating 
capacity (10  ̂ kwh) Capacity factor Aver-
aqet1978 1979 1980 1978 1979 1980 1978 1979 1980
Arkansas 2,422 3,375 1,695 1,081 1,087 1,086 .26 .35 .18 .26
Colorado 1,344 1,612 1,716 770 770 769 .20 .24 .26 .23
Idaho 9,872 9,165 9,507 1,702 1,700 1,916 .66 .62 .57 .62
Ill ino is 112 112 122 31 31 30 .41 .41 .46 .43
Indiana 361 438 474 93 93 93 .44 .54 .58 .52
Iowa 929 897 945 130 130 130 .82 .79 .83 .81
Kansas 5 4 8 2 2 2 .29 .23 .46 .33
Louisiana - - - — — - - - — —
Michigan 952 1,185 1,083 2,320 2,320 2,322 .05 .06 .05 .05
Minnesota 703 765 642 140 142 140 .57 .62 .52 .57
Missouri 1,017 1,100 558 844 844 844 .14 .15 .08 .12
Montana 11,706 10,343 9,966 2,066 2,066 2,066 .65 .56 .55 .59
Nebraska 1,189 1,245 1,336 235 234 234 .58 .61 .65 .61
North Dakota 3,034 2,736 2,513 844 844 430 .41 .37 .67 .48
Oklahoma 1,736 2,324 1,315 965 965 965 .21 .28 .16 .22
Oregon 31,895 29,836 30,194 5,688 5,688 5,687 .64 .60 .61 .62
South Dakota 6,798 6,326 5,786 1,383 1,383 1,383 .56 .52 .48 .52
Texas 763 1,201 979 519 519 517 .17 .26 .22 .22
Washington 83,758 79,377 82,981 17,038 19,770 20,486 .60 .46 .46 .51
Wisconsin 2,064 2,026 1,857 399 399 399 .59 .58 .52 .56
Wyoming 982 1,053 1,108 221 220 220 .51 .55 .57 .54
The 1978 arid 1979 data were obtained from Edison Electric Institute, 1980, Statistical Yearbook 
of the Electric Utility Industry/1979y No. 47 (Washington, D. C .: The Association of Electric Companies),
pp. 8 and 20. The 1980 data were obtained from the U.S. Department of Energy, 1981e, lower Production^ 
Fuel Conswnrtionj and Installed Capacity Data, 1980 Summary (Washington, D.C.: Energy Information
Administration), pp. 5 and 50.
^This is a simple arithmetic average for the three years. wcn
137
Table 41



















North Dakota 2.736 1.808
Oklahoma 2.324 1.859
Oregon 29.836 33.84






The 1979 actual data are from Table 40. The 1980 generation 
was obtained by multiplying the 1980 ins ta lled  capacity by the average 
capacity factor fo r each state in Table 42. The increment in the 1985 
generation from 1980 was obtained by multiplying the average capacity 
factors (Table 40) times the U.S. Department of Energy's projected base 
load capacity additions to hydro in each state . U.S. Department of 
Energy, 1981a, Invcntonj of Power Plante in the U.P.j, IDHO Annual^ 
D0E/EIA-0095(80) (Washington, D.C.; Energy Information Administration, 
Office of Coal and E lectric  Power S ta t is t ic s ) ,  pp. 31-80. A ll of the 
U.S. Department of Energy's new hydro capacity, projected to come 
on lin e  before 1985, included Montana, 43 MW; Colorado, 11 MW; Oregon, 
544 MW; Texas, 32 MW; Idaho, 11 MW, and Washington, 40 MW.
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34,471 MW of ins ta lled  hydroelectric generating capacity in the 21-s ta te  
NGP coal market region operating at an average capacity factor of 49 
percent. Assuming a heat rate and content o f NGP coal of 10,500 BTU/kwh 
and 8,600 BTU/lb, respective ly , in the year 2000 hydroelectric capacity 
additions (retirements) equal to about 4,200 MW are required to 
decrease (increase) NGP coal production by about 10 percent below 
(above) the 1990 reference case forecast of 145 MTPY (Table 39);  
however, only 681 MW of nonpumped storage hydroelectric capacity is 
planned fo r the next decade (see the footnote to Table 41). Moreover, 
the attractiveness of a t least small-scale hydro additions was somewhat 
reduced with the rescinding of the U.S. Department of Energy's hydro 
loan program (Sweeney, 1981). Section 210 of the Public U t i l i t ie s  
Regulatory Policy Act, however, s t i l l  is in e f fe c t .  This leg is la tion  
requires e le c tr ic  u t i l i t i e s  to purchase power from qualifying small 
power producers at the u t i l i t y 's  avoided energy and capacity cost, 
consequently the higher the real growth rates in the costs of a 
u t i l i t y 's  conventional sources of e le c t r ic i t y ,  the more a ttra c t iv e  w il l  
be the development of small hydropower f a c i l i t i e s .
In terfuel Substitution fo r Nuclear,
Gas, and Oil
There are two ways that in te rfue l substitution can occur in the 
NGP coal market area. F ir s t ,  d irec t fuel-switching can be accomplished 
at power stations that use fossil fue ls . V ir tu a l ly  every u t i l i t y  
designed to burn o il  can be retooled to use natural gas or coal 
although the costs involved can reduce the economic v ia b i l i t y .  (Fuel- 
switching is the term applied to in te rfue l substitution at existing  
power p lants . )
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Second, u t i l i t i e s  in th e ir  planning can decide to replace some 
percentages of th e ir  fuel-mix ratios with a lte rn a tive  fuels by phasing 
out the use of one and replacing i t  with another. The following 
terse ly  reviews the underlying assumptions fo r the forecasts of 
e le c tr ic  generation by nuclear, o i l ,  and gas in the 21-state NGP coal 
market region. This data and the underlying assumptions are the 
resu lt of an extensive e f fo r t  on the part of Don Snow for the D uffie ld ,  
e t a l .  (1982) study. The interested reader should consult th is study 
for more detailed information. The underlying assumptions used to 
arrive  at forecasts of nuclear, o i l ,  and gas-fired e le c tr ic  generation 
are reviewed as folows:
Nuclear generation. Four assumptions underlying the state  
specific forecasts of nuclear e le c tr ic  generation (Table 42) 
follow:
1. Only the nuclear units iden tif ied  as (a) on l in e ,
(b) under construction, or (c) on order have the potential to generate 
e le c t r ic i ty  through the year 2010. New reactors not covered above 
generate e le c t r ic i ty  before the year 2010,
2. All reactors have a 40-year l i f e ;  pre-1970 reactors are 
re tired  prior to the year 2010, otherwise a l l  other reactors w il l  
remain in operation through the year 2010.
3. The average capacity factor of a l l  nuclear plants is 
assumed to equal 63 percent.
4. The projected on-line dates for reactors under construction, 
licensed and ordered, are reported by the 1980 Nuclear Regulatory 
Commission.































State Level Nuclear E le c tric  Generation (10^ kwh)
State
Year
1979 1980 1985 1990 1995 2000 2005 2010
Iowa 2.889 2.969 2.969 2.969 2.969 2.969 2.969 0.000
Kansas 0.000 0.000 6.347 6.347 6.347 6.347 6.347 6.347
Minnesota 11.504 8.858 8.858 8.858 8.858 8.858 5.850 0.000
Montana 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Nebraska 8.659 6.816 6.816 6.816 6.816 6.816 6.816 0.000
North Dakota 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Oklahoma 0.000 0.000 12.693 12.693 12.693 12.693 12.693 12.693
South Dakota 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Wisconsin 10.403 8.714 8.714 8.714 8.714 8.714 2.953 0.000
Arkansas 3.873 9.724 9.724 9.724 9.724 9.724 9.724 5.033
Colorado 0.213 1.821 1.821 1.821 1.821 1.821 1.821 1.821
Idaho 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
I l l in o is 27.463 30.055 72.473 77.164 75.060 76.060 67.296 47.108
Michigan 15.139 16.727 30.155 30.155 29.757 29.757 19.498 19.498
Missouri 0.000 0.000 12.693 12.693 12.693 12.693 12.693 12.693
Wyoming 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Louisiana 0.000 0.000 16.739 16.739 16.739 16.739 16.739 16.739
Oregon 4.495 6.236 6.236 20.144 20.144 20.144 20.144 13.907
Texas 0.000 0.000 20.144 26.490 26.490 26.490 26.490 26.490
Woshington 3.612 4.691 23.720 23.720 23.720 19.029 19.029 19.029
Indiana 0.000 0.000 12.472 12.472 12.472 12.472 12.472 12.472
Source:
John Duffi e ld, e t a l . ,  1982, Projections of Coal Demand from the Northern Great Plains Through the
Year 2010̂  Surface Mining Grant No. G5105076, Office o f Surface Mining, U.S. Department of the In te r io r ,
Washington, D.C. (Missoula, Mont.: University o f Montana), p. 13-27.
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Natural gas and o i l  generation. Four assumptions underlying 
the state specific forecasts of natural gas and o il  e le c tr ic  generation 
(Tables 43 and 44) follow:
1. No new units w il l  be ordered or constructed in the market 
area through the year 2010.
2. A gas or o il  plant has a 40-year l i f e .
3. Average capacity factors for gas and o il  plants equal 45
percent and 30 percent, respectively.
4. Individual units smaller than 25 MW and turbine and internal
combustion generators smaller than 10 MW are not coal capable.
Comparative Forecasts of NGP Coal Production
I t  is of in terest to contrast th is study's coal forecasts to 
forecasts by the U.S. Department o f Energy {1981c) and ICF Incorporated 
(1980), a Washington, D.C. consulting firm . Both sources use versions 
of a l in ea r programming model o r ig in a lly  developed by ICF Incorporated 
to generate regional and national coal production forecasts.
Since the passage of the Energy Security Act (PL 96-294), the 
President must submit to the U.S. Congress energy targets that include 
coal production estimates for the years 1985-2000. The U.S. Department 
of Energy's Leasing Policy Development Office has prepared such a 
re p o rt-- fo r  the years 1985, 1990, and 1995 only. Moreover, this U.S. 
Department of Energy report is the basis fo r the U.S. Department of the 
In te r io r  leasing targets fo r  the NGP coal province (Powder River Basin 
and Fort Union Coal Reserve); see the U.S. Department of Energy's 
Secretarial Issue Document, Federal Coal Management Program, Part I I ,































State Level Gas-fired E le c tric  Generation (10^ kwh)
State
Year
1979 1980 1985 1990 1995 2000 2005 2010
Iowa 0.569 0.311 0.172 0.172 0.082 0.082 0.082 0.082
Kansas 9.698 10.745 19.339 9.476 7.852 6.527 4.213 1.359
Minnesota 0.515 0.289 0.225 0.225 0.225 0.225 0.225 0.088
Montana 0.187 0.118 0.000 0.000 0.000 0.000 0.000 0.000
Nebraska 1.089 1.434 1.347 1.300 1.300 0.739 0.539 0.180
North Dakota 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Oklahoma 34,516 26.735 25.955 25.312 23.364 19.119 17.365 2.204
South Dakota 0.007 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Wisconsin 1.328 0.258 0.121 0.121 0.121 0.121 0.121 0.121
Arkansas 2.608 4.201 4.201 4.078 3.290 1.276 1.039 0.030
Colorado 2.818 1.014 0.489 0.390 0.214 0.143 0.143 0.044
Idaho 0.040 0.000 0.000 0.000 0.000 0.000 0.000 0.000
I l l in o is 2.632 0.216 0.216 0.216 0.216 0.216 0.216 0.216
Michigan 2.190 1.901 1.428 1.168 1.121 0.963 0.963 0.963
Missouri 1.536 5.202 2.522 2.340 2.151 1.706 1.706 0.393
Wyomi ng 0.065 0.014 0.014 0.014 0.014 0.014 0.014 0.014
Louisiana 38.396 41.884 40.783 39.529 36.549 31.405 24.960 1.450
Oregon 0.191 0.233 0.233 0.233 0.233 0.233 0.233 0.233
Texas 137.267 149.058 147.686 144.008 131.748 113.075 93.211 15.633
Washington 0.159 0.117 0.117 0.117 0.117 0.117 0.117 0.117
Indiana 0.245 0.314 0.034 0.034 0.034 0.034 0.034 0.034
Source:
John D u ff ie ld , e t a l . ,  1982, Projections of Coal Demand from the Northern Great Plains Through the
Year 2010, Surface Mining Grant No. G5105076, Office o f Surface Mining, U.S. Department o f the In te r io r ,
































1979 1980 1985 1990 1995 2000 2005 2010
Iowa 0.340 1.356 1.356 1.235 1.235 1.235 1.235 1.235
Kansas 1.349 0.790 0.666 0.666 0.666 0.656 0.666 0.666
Minnesota 0.541 1.787 1.655 1.532 1.400 1.400 1.185 1.185
Montana 0.059 0.238 0.238 0.238 0,057 0.057 0.057 0.057
Nebraska 0.392 0.773 0.681 0.505 0.505 0.505 0.505 0.505
North Dakota 0.103 0.088 0.088 0.088 0.088 0.088 0.088 0.088
Oklahoma 0.058 0.253 0.253 0.253 0.253 0.253 0.253 0.253
South Dakota 0.053 0.540 0.540 0.540 0.540 0.540 0.540 0.343
Wisconsin 0.561 2.224 1.228 1.196 1.162 1.162 1.162 1.162
Arkansas 4.532 4.134 4.134 4.134 4.134 4.134 3.191 0.308
Colorado 0.360 0.895 0.895 0.790 0.593 0.593 0.593 0.593
Idaho 0.013 0.013 0.013 0.013 0.013 0.013 0.013 0.013
Ill in o is 7.993 13.961 12.323 11.092 9.596 9.596 9.596 2.109
Michigan 8.341 11.867 9.856 9.263 9.263 6.506 6.506 4.501
Missouri 0.579 1.494 1.310 1.310 1.310 1.310 1.310 1.310
Wyomi ng 0.077 0.350 0.350 0.350 0.173 0.173 0.173 0.173
Louisiana 8.259 3.389 3.389 3.389 3.389 3.389 3.389 0.057
Oregon 0.594 0.667 0.667 0.667 0.667 0.667 0.667 0.667
Texas 2.638 5.020 5.020 5.020 5.020 5.020 5.020 1.745
Washington 0.243 0.363 0.132 0.132 0.132 0.132 0.132 0.132
Indiana 0.864 2.169 1.481 0.611 0.611 0.611 0.611 0.611
Source:
John D u ff ie ld , et a l . ,  1982, Projections of Coal Demand from the Northern Great Plains Through the
Year 2010, Surface Mining Grant No. G5105076, Office of Surface Mining, U.S. Department of the In te r io r ,
Washington, D.C. (Missoula, Mont.: University o f Montana), p. 13-30. Z
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57-61 (U.S. Department of Justice, 1980). O rig in a lly , the U.S. 
Department of Energy's middle 1980 forecast was to shape the U.S. 
Department o f the In te r io r 's  coal leasing targets on the U.S. Department 
of Energy's high 1990 production goals (O ffice of Technological 
Assessment, 1981) (or even set leasing targets without regard to 
production).
Table 45 summarizes the U.S. Department of Energy's 1981 
production goals fo r  the NGP province. This table includes NGP coal 
production estimates fo r several end uses including in d u s tr ia l,  
synthetic fuel production, and e le c tr ic  u t i l i t y  demand. I t  is not 
possible, however, to separate out of the U.S. Department of Energy 
report industria l demand from the NGP supply region; consequently, 
the residual contains industria l and e le c tr ic  u t i l i t y  demand. Moreover, 
the U.S. Department o f Energy did not report a l l  assumptions that would 
allow one to examine the considerable differences between i ts  forecast 
and the one outlined in th is study.
One important determinant of NGP coal forecasts is the assumed 
growth in e le c t r ic i ty  demand. For the low, medium, and high coal 
forecasts in Table 45, the U.S. Department of Energy assumed e le c t r ic i ty  
demand growth rates o f 2.25 percent, 3.2 percent, and 4.4 percent, 
respectively. Even though the U.S. Department of Energy's lowest NGP 
coal forecast in 1990 (194 MTPY) assumes a 2.25 percent e le c t r ic i ty  
demand growth ra te , i ts  coal forecast exceeds this study's high of 161 
m illion  tons (based on about 4% growth; see Table 39). The U.S. 
Department of Energy's forecast, however, includes industrial coal 
demand in addition to e le c tr ic  u t i l i t y  coal demand. For the U.S. 
Department of Energy's range in 1990 NGP coal production to d i f fe r
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Wyoming 5.3 5.3 5.3 21.4 21.4 21.4 21.4 42.8 42.8
Residual demand# 203 211 239 194 273 401 253 436 739































Footnotes to Table 45:
*
U.S. Department o f Energy, 1981d, The 1980 Biennial Update of National and Region Coal Production 
Goals for 1985, 1890, and 1995, DOE/FE-0013 (Washington, D.C.: U.S. Government P rin ting  O ffice , Assistant
Secretary fo r  Fossil Energy Leasing Policy Development O ffic e ), p. ix .
^Total production includes demand frcxn industry , synthetic fuels production, and e le c tr ic  
u t i l i t ie s .
^The U.S. Department o f Energy's (1981d:38, as c ited  above) heat content assumptions fo r  l ig n ite  
and subbiLuminous coals equaled 7,000 BTU/lb and 9,000 BTU/lb, respective ly.
g
This residual demand includes in d u s tr ia l and e le c tr ic  u t i l i t y  demands fo r  NGP coal.
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greatly  from this study's, the department is forecasting an enormous 
level o f industria l demand or there are major differences in anticipated  
e le c tr ic  generation by nuclear, hydro, o i l ,  and gas, or in market 
size.
ICF Incorporated recently developed three forecasts of NGP coal 
production for the Rocky Mountain Energy Company, a division of the 
Union Pacific  ra ilroad . As with the U.S. Department of Energy report,  
the ICF report lacks s u ff ic ie n t  deta il to allow one to analyze a l l  the 
differences that ex ist between i ts  forecasts and this study's. Table 
46 summarizes the ICF's three forecasts of to ta l NGP coal production 
fo r the years 1985, 1990, and 1995. Some of the ICF's data assumptions 
are as follows.
F irs t ,  e le c t r ic i ty  demand (to ta l United States) is forecast to 
grow at 1.8 percent and 4,4 percent, respectively, fo r th e ir  low and 
high scenarios as shown in Table 46. The base scenario assumes a 
growth rate of 3.5 percent for the years 1979-1985 and 3.0 percent 
per year thereafter. The rationale  underlying these growth rates 
was not given. The ICF's base case also assumes a level of ins ta lled  
nuclear and hydro capacity of 43.6 and 39.8 MWs (000s) in the year 
1990. This study forecasts 47.6 and 40.4 MWs (000s) for the same 
fuels; the difference in forecast nuclear and hydro capacities equaling 
4.0 MW (000s) and 0.6 MWs (000s), respectively. Then, assuming 
(1) an average nuclear capacity factor of 0 .63, (2) an average hydro 
capacity factor of 0 .5 , (3) an average heat rate of NGP coal of 
10,500 BTU/kwh, and (4) an average heat content of 8,600 BTU/lb, the 
ICF's forecast o f NGP coal production should exceed th is study's by






































Low Base High Low Base High Low Base High
Fort Union 23.1 26.1 26.2 27.1 26.8 32.1 28.8 32.3 44.7
Powder River 137.6 169.3 194.4 162.7 225.9 382.3 180.6 305.7 598.0
Total productiont 160.7 195.4 220.6 189.9 252.7 414.4 209.4 338.0 642.7
Less production for;
Synthetic fuelt - 6.38 - - 16.03 - - 32.06 -
Industrial^ - 1.5 - - 2.6 - - 3.5 -
Residual u t i l i ty  demand 188 234 302
IGF Incorporated, 1980, Forecasts and Sensitivity Analysis of Western Coal Production (Washington, 
D.C.: Rocky Mountain Energy Company), Tables 4-1 and 4-2, pp. A47-A48 and Tables 4.7-4.9 of Appendix A.
^Total production includes demand from industry, synthetic fuels production, and electric  
u t i l i t ie s .
^Assumed heat contents for lignite and subbituminous coal equals 6,500 and 8,600 BTU/lb, 
respectively.
^Industrial includes boiler and nonboiler coal usage, and the same heat contents as in J above.
I t  was further assumed that a ll industrial coal use in Minnesota, North and South Dakota, Montana, and
Wyoming is supplied by NCP coal.
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roughly 15 m illio n  tons in the year 1990. This study's 3.5 percent 
e le c tr ic  growth scenario (Table 39), however, resulted in a 1990 NGP 
coal forecast of 145 MTPY, or 89 m illion  tons lower than the ICF's, 
of which about 15 m illion  are accounted fo r by the previously cited  
differences in ins ta lled  nuclear and hydro generating capacity.
The remaining 74 m illion  ton difference between the ICF forecast and 
th is study's l ik e ly  is due to differences in the im p lic it  market size,
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Chapter 7 
SUMMARY
The f i r s t  logical step in determining what e ffec t the growth in 
e le c t r ic i ty  demand w il l  have on NGP coal production is to define a 
market region in which the NGP coal can be competitively marketed 
v is -à -v is  coal from other non-NGP coal supply regions. This goal was 
achieved by use of a geographic spatial market model. As a re su lt ,  
an i n i t i a l  1980 NGP coal market region was id en tif ied  that included up 
to 21 s ta tes .
By focusing on the generation costs of an e le c tr ic  u t i l i t y ,  the 
influence of such variables as FOB mine coal price, coal transportation  
rates, and power plant costs was included in computing a bounded NGP 
coal market region. An important finding from a comparison of 1990, 
2000, and 2010 market boundaries is that the NGP coal market region 
recedes over time.
This result depends upon which segment of the NGP market 
boundary one focuses. For example, the supply center to the east of 
G il le t te ,  Wyoming is the C entra lia , I l l in o is  coal supply center.
From 1990-2000, this segment of the market boundary recedes toward 
G il le t te .  This resu lt largely derives from the faster NGP growth rates 
fo r  capital costs and FOB mine prices re la t iv e  to the same growth rates 
for the I l l in o is  coal in addition to escalating ra i l  rates.
The NGP coal market boundaries w il l  potentia lly  bisect up to
16 of the 21 states in the coal market region. Because the e le c tr ic i ty
150
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demand forecasts from the Oak Ridge National Laboratory's SLED model 
in Chapter 4 are fo r en tire  states, a fraction  of a state 's  total  
e le c t r ic i ty  demand equal to the percent of a s ta te 's  to ta l SMSA 
population that f a l ls  in the NGP coal market region was used to assign 
a percent of the s ta te 's  to ta l e le c t r ic i ty  demand to the NGP coal market 
region. This method was adopted because 71 percent o f the to ta l  
population in the 21-state NGP coal market region resides in about 139 
SMSAs and counties. An alternate  and somewhat more accurate technique 
would have involved using county population estimates; however, there 
are over 1,200 counties in the 21-state region. Moreover, many 
counties have more than one large metropolitan area making d i f f i c u l t  
the pinpointing of the population weighted centers of the counties.
The percent of each s ta te 's  SMSA population fa l l in g  in the NGP 
region in the years 1980, 1990, and 2000 was reported and closely 
corresponded with the receding NGP market boundary already discussed.
The NGP coal market region had population shares in 17 states in 1980,
14 states in 1990, and 10 states in the year 2000.
In Chapter 4 , a range of uncertainty in e le c t r ic i ty  demand 
growth rates was derived fo r a potential 21-state NGP coal market 
region. These growth rates ranged from a low of 2.5 percent to a 
high of 3.5 percent fo r the years 1980-2000. In contrast, the 
e le c t r ic i ty  demand growth rates fo r the years 1970-1979 equaled 4.7 
percent.
Data inputs into the Oak Ridge National Laboratory's SLED model 
included forecast values fo r real per capita income, population, and 
real energy prices fo r  coal, natural gas, and e le c t r ic i ty .  State level
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population and real per capita income growth rates were derived from 
national aggregate projections fo r the same variables of 0,8 percent 
and 2,5 percent, respectively , fo r the year 1978-2000. Coal prices 
fo r  the industria l sector in the U.S. Bureau of the Census' East-North 
Central region were escalated at a real rate of 1.25 percent.
Lacking state level deta il on real e le c tr ic  and natural gas 
price escalation rates, a range in growth rates was selected that  
bounded growth rates from a U.S. Department of Energy forecast for the 
nation, A range in real e le c tr ic  price growth rates from 1.0 percent 
to 3.0 percent and a range in real natural gas prices of 4 percent to 
8 percent was used. The e le c tr ic  price grov t̂h rates of 1 percent and 
3 percent generated e le c t r ic i ty  demand forecasts that bounded the 
results from the natural gas price escalation rates.
Two other forecasts were reviewed and generated in Chapter 4,
For comparative purposes, a recent U.S. Department of Energy forecast 
of to ta l e le c t r ic i ty  demand fo r  a range that nearly equals the NGP 
region was reviwed. The resulting annual percent growth rate equaled 
3.5 percent for the years 1979-1995. In addition, the National 
Electric  R e l ia b i l i ty  Council's most recent forecast of net e lec tr ica l  
energy generated fo r the years 1981-1990 indicated a growth rate of 
about 3,8 percent. I t  was demonstrated that the council has a nearly 
predictable pattern of overforecasting net e le c tr ic a l energy generated. 
Due to th is ,  and that the council forecasts are re la t iv e ly  short, a 
ceiling  growth rate on e le c t r ic i ty  demand for the 21-state NGP coal 
market region was set a t 3.5 percent, a growth rate that coincides
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with the Oak Ridge National Laboratory's SLED base case growth rate and 
the U.S. Department of Energy's point forecast.
A nonlinear saturation model was used to generate a single 
forecast of e le c t r ic i ty  demand to the year 2010. The growth rates from 
th is model and to the years 1990, 2000, and 2010 equaled 3.51 percent, 
2.47 percent, and 1.95 percent, respectively . Assuming that there 
exists a l im it  to the growth of e le c t r ic i ty  demand, a saturation 
equation is an appropriate tool to establish an in tu it iv e ly  appealing 
f lo o r  growth rate on e le c t r ic i ty  demand.
The objective of Chapter 5 was twofold. F irs t ,  to present 
evidence of the potential for cost e ffe c tive  conservation and renewable 
energy opportunities and second, to present evidence of emerging state  
level incentive programs that encourage energy conservation. Results 
from this chapter that deserve highlighting are f i r s t ,  the Solar Energy 
Research In s t itu te 's  business as usual growth rate in national 
e le c t r ic i ty  demand through the year 2000 establishes a possible new 
f lo o r growth rate fo r the NGP coal market region. This f loo r growth 
rate of 2 percent could even be lower assuming various degrees of 
energy conservation and renewable energy a c t iv i ty .
The second objective was to demonstrate the existing potential 
for cost e ffec tive  residentia l energy conservation. A microanalysis 
of optimal levels o f ce ilin g  insulation in 13 c it ie s  and in 13 states 
in the 21-state region was studied. I t  was shown th a t, while 70 
percent of the e le c t r ic a l ly  space heated homes in the United States 
had less than six inches of a t t ic  insu la tion , only one of the 13 
c it ie s  had an optimal level of ce iling  insulation less than six inches.
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The Federal Energy Tax Act of 1978 established tax credits  
fo r  qualify ing energy conservation measures. The partic ipation of 
various income groups in th is  incentive program was analyzed. I t  was 
found th a t ,  while only about 23 percent of the returns derived from 
the $20,000-$50,000 gross income range, the same range accounted for  
nearly 60 percent of a l l  returns with energy conservation expenditures 
in 1978. As a re su lt  of analyzing the above microanalysis on optimal 
levels of ce iling  insulation and partic ipation  rates by income groups 
in the federal energy conservation tax incentive program, i t  is 
evident that energy conservation programs should be designed to conform 
with the d if fe re n t  c lim atic zones in the United States as well as to 
adjust for the financia l a b i l i t ie s  of d if fe re n t  income groups.
The las t  section of Chapter 5 reviewed recently legislated  
state conservation and renewable energy programs as well as u t i l i t y  
sponsored energy conservation programs. The point of this e f fo r t  
was to illum inate sources of energy conservation incentives that 
recently have emerged and that have gone unaccounted for in the 
e le c t r ic i ty  demand forecasts reviewed in Chapter 4. As of 1978, 15 of 
the 21 states in the NGP coal market region had institu ted  some sort 
of solar le g is la tio n . Two states in a s ix -s ta te  sample have in it ia te d  
state income tax incentives fo r  qualifying conservation measures 
(two other states did not have a state income tax structure). F in a lly ,  
the states in a f iv e -s ta te  sample have u t i l i t i e s  that o ffe r some sort 
of low in terest loan fo r energy conservation.
Chapter 6 summarized this study's f ina l forecasts of the NGP 
e le c t r ic i ty  demand and steam coal production. The major finding in
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th is chapter is that the l ik e ly  range of the NGP coal production in the 
years 1990, 2000, and 2010 equals 131-161 MTPY, 146-206 MTPY, and 
177-236 MTPY, respectively. This forecast may be contrasted with the 
U.S. Department of Energy's 1990 medium forecast of the NGP coal 
production of 273 MTPY. The la t t e r  is the basis fo r the U.S. Department 
of the In te r io r 's  plan to set coal leasing targets for the Powder River 
Basin and the Fort Union Coal Reserve. The findings of the present study 
indicate that the leasing targets may be high by a factor of two. The 
results of overly high leasing targets have not been explored, but may 
include undesirable market structure, d is tr ib u t iv e ,  e ffic ien cy , and 
environmental impacts.
The NGP coal forecasts developed by th is study and summarized 
above derive in part from in te rfue l substitution assumptions. 
S p e c if ica lly , the 1990 NGP coal forecast is based on e le c tr ic  generation 
(in  b il l io n s  of kwh) by hydro, gas, o i l ,  and nuclear resources of 170, 
228, 43, and 277, respectively. The ins ta lled  capacity assumptions for  
the four above plant types is basically conservative and essentially  
assumes no new capacity additions through the year 2010. Accordingly, 
i f  anything, the coal forecasts reported above may be biased upward.
This further supports the conclusion th a t ,  by comparison, the U.S. 
Department of Energy forecasts appear to be outside the l ik e ly  range of 
the NGP coal production.
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C F KÜGf - AKf t :  ' ; m I C H A K L  h .  L ^ f / E a - N f .  e s  D l P A r f X & N T / V .  üf '  H.
c
c PKÜGRA : T * l l 3  PhÜG. - A: i  C P r A T E S  DATA C O O R ) I N A : K S  F U R  SEVEN
C MARKET H Ü U î . T A P I S S /  R E S U L T I N G  I N  A C O MP L ET EL Y
C R U ' l N D t n  NGP COAL MARKET R E G I O N .
C
C D A T E :  F EBRUARY 1 9 8 2
C
D I M E N S I O N  A ( 1 9 , 7 j  
D I M E N S I O N  A M A P ( l Ü l , 2 b )
D I M E N S I O N  S T 0 R E ( l V l , 4 )
C
DATA A A , A H A L F , A T R A N , A T B T , A Ü D A / ADDB , A P R O l / 7 . 0 /
DATA B F , B P R O D , B T K A N , C C , D T H E T A , D X O L D / D Y O L D , D X N E R 1 / 8 ^ 0 . 0 /
DATA D X N E W 2 , D Y N E W l , D Y N E R 2 , U D , D S C M K d , D I F F A R , D I S T A , D S 1 , D S 2 / 9 * 0 . C /  
DATA E T , F l A T P A , F i X T R B , S 1 , 5 2 , S U M , T H E T A , T I N A , T O N B / T M K W , T O T A / 1 1 * 0 . 0 /  
DATA T O T B , V A R B , X C O P D , X N E h l , X N E W 2 / Y N E W l , YNE W2 , Ÿ P O S / 8 * 0 . 0 /
D A T A  T u T R A , 1 0 T R B , F L A G y P A T I 0 1 , R A T 1 0 2 , P A T l 0 3 , R A T 1 0 1 / 7 * 0 . 0 /
DATA S o D I S T f T h l C E ^ A N U M , S Q N E G / A M K T / D E G I D E / 3 I S T A 3 / 7 * 0 .  0 /  
d a t a  D I S T A I , D I S T B I , D I S T B / 3 * Ü . O /
DATA R a t i o s , C K N U M y C K D E N / 3 * 0 i 0 /
C
d a t a  I , J / K , I N T G R l / I N T G P 2 , J A k A Y , N C 0 U N T / I R O M , J C U L / 9 * 0 /
DATA I D l S A I , I D I S B I / 2 * 0 /
C
C I N I T I A L I Z E  S T O R E ( I , J )
C T E MPOR ARY STORAGE OF C O O R D I N A T E S  PASSED TO 4.MAP,
DO 2 0  0 = 1 / 4
DO 1 0  1 = 1 / 1 0 1
S T O R E ( I / J ) = O . C  
1 0  CON T I N U E
2 0  CONT I NUE  
C I N I T I A L I Z E  A { I / J )
C E C O N O M I C  PARAMETERS USED TO GENERATE MARKET B O U N D A R I E S  ARE I N  A { I / J ) .  
DO 4 0  I  = 1 , 1 B
DO 3 0  J  =  1 / 7
A C I / J )  =  0 . 0  
3 0  CON T I N U E
40 CON T I N U E  
C I N I T I A L I Z E  A M A P ) I / J )
C A M A P ( I / J )  HAS THE T RANSFORMED X & Y C O O R D I N A T E S  FOR THE 7 B O U N D A R I E S .  
DO 6 0  I  = I / l O l
DO 5 0  J  =  1 / 2 8
A M A P C I / J )  =  0 . 0  
5 0  CON T I N U E
6 0  CONT I NUE
C
W R I T E ( u , 7 0 )
7 0  F 0 R M A T ( / / / 1 X / ' T Y P E  I N  A F I V E  L E T T E R  CODS I D E N T I F Y I N G  T H I S  R U N : ' )  
ACCEPT e O / A L P H A  
8 0  F 0 R M A T ( A 5 )
» R I T F ( 3 / 9 0 ) ALPHA  
9 0  F O R M A T ! / / / I X , ' T H I S  RUN I S  : ' / 1 X , A 5 , / / / / )
C U N I T  F n p 2 2 . D A T  ( A3  I N P U T  DATA r c A D  I N T O  A ( I , . J )
R E A r i ( 2 / / l C ' 0 / E N D  = 1 1 0 ) (  C A ( I / J ) /  J =  1 / 7 ) /  I  = i /  1 8 )
1 C 3  F 0 R M A T ( 7 F )
1 1 0  CONT I NUE
C
W R I T E !  i ,  1 2 0
1 2 0  F C R M A T ! / / 6 a , ' C O L O R  A I D ' / 6 X /  ' I L L  I N O I S ' , 8 X ,  ' NEW M E X I C O ' / 7 X ,  
1 ' T E X A 3 ' / 9 X / ' U T A H ' / 1 0 X /  ' W A S ! l I N G r O N ' / 6 X ,  ' W Y O M I N G ' , / )
W R I T - ! 3 , 1 3 0 / E  ND = 1 4 0 ) ! ( A { I , J ) , J  = I / 7 ) / 1 = 1 , 1 8 )
1 3 J  F O f ^ ' A T ! '  ' / 7 F )
1 4 0  Ci ' l \ T TMi F
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1 6 6
IJO 5 4 :  J A S A V  = 1 / 7 1  LÜ' JP THFOUGM AL G OR I T H M  FOR 5ACH OF 7 BOYS 
C O T O d b l / 1 6 V / 1 7 0 , 1 9 0 , 1 9 0 ,  2 ( 0 / 21C ) J A 4 A Y
1 5 0  r O < T I 9 i ) t
T M r l A  = 2 4 B . 3  3 
GOTO 2 2 0  
1 6 0  CQ- . T I MUc
THf . TA = 3 3 3 .  46  
GOTO 22'J 
1 7 0  C O N T I N U Î
T H t T A  = 2 4 7 . 9 5  
GOTO 2 2 0  
1 8 0  C O N T I N U E
T H c T A  = 3 0 0 . 0 6  
GOTO 2 2 3  
1 9 0  C O N T I N U :
T H U A  = 2 2 2 . 6 9  
GOTO 2 2 3  
2CC C O N T I N U E
T HETA = 1 5 7 . 7 7  
GOTO 2 2 3  
2 1 0  C O N T I N U E
THf - TA = 2 1 7 . 9 7  
2 2 0  C O N T I N U E
5 1  = C O S D { T H £ T A )
5 2  =  S I N D ( T H E T A )
I COLORADO  
I I L L I N O I S  
I NEW M E X I C O  
I T EXAS  
I UTAH






C O A L - F I R E D  
AA =
BB =  
CC = 
DO = 
EE =  
TON A 
TONB
OF TONS OF COAL FOR ANNUAL O P E R A T I O N  OF A G I V E N  
POWER PLANT I S  COMPUT ED.
A C l , J A R A Y ) » A ( 2 , J A R A Y )
A ( 4 , J A R A Y ) * 2 0 0 0 . 0 0  
A ( 3 , J A R A Y ) * 1 0 0 0 . 0  
A ( 6 , J A F A Y ) * 2 0 0 0 . C  
A ( 5 , J A R A Y ) » 1 0 0 0 . 0  
= ( A A / D l i ) * C C  








F I X E D  T R A N S P O R T A T I O N  CO S T S  FCR A G I V E N  Q U A N T I T Y  OF COAL P RO D U C T I O N  
ARE COMPUTED.
F I X T R A  = T G N A * A ( 1 4 , J A R A Y )
F I X T R B  =  T 0 N B * A ( 1 5 , J A R A Y )
A D D I T I O N A L  COSTS ARE COMPUT ED.
DSCMKW = A ( l , J A R A Y ) * 1 0 U 0 . C ’» A ( 9 , J A R A Y )
TMKW = A ( ? , J A F ; A Y ) * A ( 1 , J A R A Y ) * 1 0 0 C . D
ADDA = (  A ( 7 , J A R A Y ) * D S C M K W )  + ( A ( 1 3 , J A R A Y ) * T M K W )
ADDS = (  A ( 8 , J A R A Y  ) * D S C M K W )  >  ( A ( 1 1 , J A E A Y ) * T M K W )




RTF AN = 
TOTA =
T R A N S P O R T A T I O N  COSTS  
A ( 1 2 , J * i -  A Y I ' T O N A  
A ( 1 3 , J A R A Y ) * T O N B  
A ( 1 6 , J A k A Y ) * T G N A  
A( 1 7 , J AR A Y ) * T O N b  
APKOD + ADDA + F I X T R A
ARE COMPUTED.
TÜTD = BPROD APDb + F I X T R B
THE F O L L O W I N G  D E T E R M I N E S  D I E T  1ER THE MARKET BOUNDARY  
I N T E R S E C T S  THF. X - A X I S  ON THE NEAR OR FAR S I D E  OF MARKET B.  
D 1ST A3 = A ( 1 5 , J A ? A V )
(RF r  = r u T A  + (  A I F  A - J ' D I S T A D )  
b d C l u l  -  AMKT -  TOTH 
2 3 0  C O N T I N U :
I F C D . F C I D E  . L T . 3 . 0 )  GOTO 3 7 :
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c  D I S T A  i s  COMPUTED FUR T U I  CASE Ti lE MARKET âUUNDA^ Ÿ I N T E R S E C  S 
C T HE X - A X i c  UETwFLt -  MARKETS A AND b ,
D I F F A 3  = T U T P - T O T A  
VA 8  = RTRAX ■* D I 3 T A P  
S n ' =  D I F F A 3  + V \ R H  
AT; T = ATKAN ♦  PT EAN  
D I S T A  = SUM /  ATBT
C
C T OT AL  T R A N S P O R T A T I O N  C ü S i S  ARE COMPUTED.
TOTPA = F l A î k A  4- A ( i 6 , J A r . A Y ) - O I S T A
T OT Pa  = F I X T R B  + A (  1 V ,  J  AI-AY )  • (  D l  ST A I - 0  I  ST A )
C
C C U HP UT F  r O T A  USED I N  G E N E R A T I N G  B O U N D A R I E S .
A H » L F  =  D I S T A P  /  2
P I S T B  = D 1 3 T A P  -  D I S T A
I F ( D I S T A . E Q . D I S T B )  GOTO 4o v  
R A r i O l  = a t p a n / b t r a m  
P A T I Ü 2 = C T 0 T A - I 0 T B ) / B T R A N  
S A T I 0 3  = 1 / R A I l O l  
R A T I Ü 4  = ( T O T B - T U T A ) / A T R A N  
S Q D I S T  = D I S T A H * * 2  
T WI CE  = 2 *  D I S T A B  
I F ( D I S T A . L T . A H A L F )  GOTO 3 0 0  
2 4 0  C O N T I N U E
C
C BELOW LOOP I S  FOR T HE CASE WHEN A BOUNDARY OPENS TO MARKET B.  
I N T G R l  =  I N K D I S T A  ♦  5 )
I N T G R 2  = I N T G R l  ♦  l OCO  
1 =  0
FLAG = 0 . 0
DO 2 9 0  I D I S A I  =  I N T G R l , I N T G R 2 , 10  
1 = 1 + 1
I F C I . G T . l O l )  GOTO 2 9 0  
J  =  1
I F ( F L A G . G T . l . v )  GOTO 2 5 0  
XCORO =  D I S T A  
YPOS = 0 . 0  
GOTO 2 7 0  
2 5 0  C O N T I N U E
D I S T B I  =  ( I D I S A I  *  R A T I Q l )  + R A T I 0 2  
2 6 0  C O N T I N U E
ANUM = I D I S A I * * 2  -  ( D I S T 8 l * * 2 )  + S O D I S T
XCORD = A N U M / T W I C E
SONEG = I D I S A I * * 2  -  ( X C 0 R D " * 2 )
I F ( S Q N E G . L T . U . C )  GOTO 2 8 0  I F O R  E L L I P S E S  AND C I R C L E S  
YPOS = 3 Q H T ( S ( J N E G )
2 7 0  C O N T I N U E
CA L L  E U O L I D ( X C O R D , Y P O S , X N E W l / Y N E 2 1 , X N E d 2 , Y N E W 2 , S I , S 2 )  
2 8 0  C O N T I N U E
S T Q P . £ ( I , J )  = X N £ U 1  
J = J + 1
S f O R E ( I , J ) = Y N £ W l  
J r J  + 1
S T O P S ( I , J ) = X N E W 2  
0 =  J  + 1
S T J P £  C 1 , J )  =  YN£W2  
FLAG = 1 0 0 . 0  
2 9 0  C O N T I N U -
GOTO 4 8 0
C
C BELOW LOC^ 1 3  PUR THE CASE * H E N  h BOUNDARY OPENS TO MARKET  
3 0 0  CON T I N U E
I VT- GRl  = I N T C D I S T b  + 5 )
I N : g R2 = I N T G R l  + l OCO  
I  = C
FLAG = 0 . 0
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DO 3b':'  I P 1 5 H I  = I . V T G M / I K T G S ^ ,  1C 
1 =  1 +  1
I F C i . G T . l C l J  GUTC 3 6 0  
J  = 1
I F ( F L ^ G . G T . l . O )  GOTO 3 1 0  
XCU:;D = LirSTSk 
y p ü S  = 3 . C  
GOTO 3 40  
3 1 0  C O N T I N U E
Ü I S T X I  = C i r a S B I * k A T I U 3 J  + R A T I 0 4  
3 20  C O N T I N U E
ANUM = D 1 S T A I * * 2  -  ( I D I S B I * * 2 )  + S U P I S T
XCORD = ANUM /  T WI C E
SONEÜ = U I 3 T  X C 0 S D » » 2 )
I F I S Q N F . G . L T ,  0 , 0 )  GOTO j S f  
YPOS = S O R T ( S Q N Z G )
3 3 0  C O N T I N U E
3 4 0  C O N T I N U E
CALL  E U C L I D C X C O R D , Y P O S , X N E W I , Y M i W l , X N E W 2 / V N E W 2 , 5 1 , S 2 )  
3 5 0  C O N T I N U E
S T 0 R E ( I , J ) = X N £ W 1
J = J + 1
S T 0 R E ( I , J ) = Y N E W 1  
J =  J + 1
S T U P E ( 1 , J ) = X N E W 2  
J = J + 1
S T O R E < I , J )  =  YNEW2  
F LAG = 1 0 0 . 0  
3 6 0  C O N T I N U E




F I N D  T HE I N T E R S E C T I O N  
T H E  X - A X I S .
P O I N T  OF THE MARKET BOUNDARY W I T H
3 7 0  C O N T I N U E
CKNUM = B T R A N * A ( 6 , J A R A Y )  I 
CKDEN = A T R A N * A ( 4 , J A R A Y )  I 
R A T I O S  = CK N U M / C K D E N  
I F C R A T l ' J S . G T . l . C )  GOTO 4 4 0  
D I F F A B  = T 0 T 8 - T 0 T A  
VARB = BTRAN *  D I S T A B  
SUM = D I F F A B  -  VARB  
ATBT =  A T R A N - B T R A N  





I F ( D I S T A . G T . O . O )  GOTO 
W R I T E ( 5 , 3 8 0 )  J A R A Y  
3 8 0  F D P M A K '  ' , / / / , ' D I S T A
GOTO 5 2 0  








COMPUTE TOTAL T R A N S P O R T A T I O N  COSTS
TOTRA = F I X T R A  + AC 1 6 , J A F A Y ) » D I S T A  
TOTPB = F I X T R B  ♦  AC 1 7 ,  J  AP AY) - ' C J I  ST A> D I  ST AB > 
COMPUTE DATA FDR G E N E R A T I N G  THE MARKET BOUNDARY  
P A T l U l  
PAT 1 0 2  
S Q D I S T  
T w i C F
BELUW LÜCP I S  
OF MARKET R.
I N T G R l  
I N T G R 2  
1 = G 
FL' . G =
DO 4 3 0
= A T P A N / B T F A N  
= C T O T A - T O T B I / B T R A K  
= I I I S T A B * * 2  
= 2 * D I S T A b
F J P  T HE CASE THE BOUNDARY OPENS ON THE OTHER S I D E
= I N T C D I S T A  + 5 )
= I N T G R l  + I COO
r O T S M  = T N T G - l  , T r
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1 = 1 + 1
I F ( I . G T . l C l )  G 0 7 1  4 3 '
J = 1
I r ' ( c L ^ G . G T . l .  j )  G u r a  40C 
XGOkD = [.ISH 
Y ? J S  = C. C  
G Ü T J  4 1 0  
4C0 C O S T I W U i
= ( I L>I S M * k A T i r j l  ) + R X r i 0 2
A.MJm = IJISti**; - CUSTfal*»?) + Si-IPIGT-
xcor:3 = AhUM /  T w i c e
3QNEG = I D I S A I ’* * 2  -  ( X C 0 R D » * 2 )
I F C S u N E G . L T . 0 . C )  GUTG 4 2 0  
YP ÜS  = S(^RT(  3QNEG)
4 1 Ü  C O N T I N U :
CALL E U C L I Ü C K C Û k L ' / Y P 0 S / X H E ' 4 1 ^ Y M S 4 l ^ X ! < f . W 2 , Y N E 4 2 , S l y  S 2 )
4 2 0  C O N T I N U E
S T O d E ( I , J )  = X N E k l  
J=J + 1
S T O k S ( l , J )  = YNEwl  
J=J + 1
S T O R E ( I , J )  =  XNEh2  
J = J + 1
S T O R E ! I , J )  = Y N E * 2  
F LAG =  1 0 0 . 0  
4 3 0  C O M I N U l
GOTO 4 8 3
C
4 4 0  CO N T I N U E
W R I T E ( 3 , 4 S 0 ) J A R A Y  
W R I T E ( 5 , 4 5 0 ) J A R A Y
4 5 0  F O R M A T ! '  ' , / / / y l X , ' T H E  MARKET BOUNDARY FUR J A R A Y  EUUAL T O ' , I X
1 , 1 , I X , ' D U E S  NOT E X I S T ' )
GOTO 5 2 0
C
4 6 0  C O N T I N U E
W R I T E ! 3 , 4 7 0 )  J A R A Y  
4 7 0  F O R M A T ! '  ' , / / / , ' T H E  MARKET BDY FOR J A RAY EUUAL TO : ' , 1 X , I , 1 X , * I
I S  A S T R A I G H T  L I N E . ' )
GOTO 5 2 0  I E NT E R LOOP AND PROCESS NEXT STATE
C
4 8 0  C O N T I N U E
W R I T E ! 3 , 4 9 0 )  J A R A Y , T U N A , T O N B , A D D A , A D D B , A P P Ü D , B P R O D , D I F F A B  
1 , T O T R A , T O T R B , D I S T A  
4 9 0  F O R M A T ! / / / , '  ' , ' S T A T E  N U M B E R ' , 3 X , I , / / , '  ' , ' T H E  Q U A N T I T Y  OF COA
I L  R E Q U I R E D  FDR THE ANNUAL O P E R A T I O N ' , / , '  ' , ' O F  A MODEL COAL
2 F I R E D  G E N E R A T I N G  P L ANT  FOR COAL FROM MARKETS A L B  F Q U A L S ' ,
3 / , '  ' , 2 ! 1 X , F 1 1 . 2 ) , / ,  '  ' , ' T H E  A D D I T I O N A L  COSTS FOR COAL FROM
4  m a r k e t s  \  B E Q U A L S : ' , / , '  ' ,  2 ! I X ,  F I  1 .  2 )  , / ,  '  ' , ' P R O D U C T I O N
5  COSTS FOR COAL FROM A L B  E Q U A L S : ' , / , '  2 ! I X , F 1 1 . 2 ) , / , '  ' ,
6 ' T H E  D I F F E R E N C E  I N  TOTAL COST £ Q U A L S ; ' ,  1 X , F I 1 . 2 , / , '  ' , ' T O T A L
7 T R A N S P O R T A T I O N  CO S T S  FOR A L B  E Q U A L S ' , 2 ! I X , F l l . 2 ) , / , '  ' ,
8 ' D I S T A  e q u a l s : ' , I X , F 8 . : , / / / )
c
C FOE EACH STATE, THE X L Y VALUES OF THE BOUNDARY APE kr.AD FROM
c srur,f( i , j)  INTO array ' ahap' .
DO 5 1 0  lr,.'JW = l , l C l  
DO s e e  J = l , 4
JCJL=K + J
A M A F ! I R O W , J C L L ) = S T O P E ! I k O W , J )
5CC C O N T I N U E
5 1 C  C C . ' T I N U i
5 2 0  C O . T l N U i
K=R+4 
5 3 0  C O M  I  MU £
5 40 CO.RT I, Viz-
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DO 5 6 0
W = : T - ( 2 1 , 5 5 1 , 1 5 0 = 5 6 3 ) ( 4 Y l P ( l , J ) , J = l , 2 P )
5 5 0  F O i M A T C '  ' C 2 « ( '  ' , r 9 . 2 ) ) )
5 6 0  CDNTl .MiJ'
5 7 0  5TClf> 
r.ND
c
C S Ü 8 R 0 V T T N 1  t U C L l O  CR E A T E S  NrJ'  C lP I R i. U  v a T h. 1 F ' I f  MAPKET BOUN DAR I E S
C BY R l i l A T i r C  THE STANDARD B A S I S  V I C T O R S  PY ' TUf . TA' - -  DE GRE E S .  
S U B R O U T I N E  f c U C L I D ( D X D L D , D Y O L D , D X N t X I , D YV EN I ,
I D X N E  X 2 , D Y N E i - t 2 , D S I , D 3  2 )
D X N E N l  = (  D S i * ( D X O L D ) - D S 2 * ( 9 Y O L D )  )
U Y V E X l  -  (  D 5 2 * ( D X 0 L D ) + n S l ' ( D Y U L D )  )
DXKEW2 = (  D S 1 * ( D X Ü L 0 ) - D S 2 * ( * D Y Ü L D I )
LYNEW2 =  (  D S 2 * ( D X 0 L D } + D S 1 * ( - D V 0 L D )  )
RETURN
END
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1 7 2
This appendix outlines the analytical approach used to compute 
the standard basis coordinates (X^ and Y^) given in equation [8]  in the 
tex t .  Recall the d e f in i t ion  of the market boundary: a locus of points
along with a consumer of coal ( in this case an e lec tr ic  u t i l i t y )  is 
in d i f fe re n t  as to the source of supply. Then, equations [6] and [7] in 
the text  can be set equal :
^  DIST^ = DIST^ [A-1]
and solving for DIST^ results in
(a - a ) b DiST„
DIST  ̂ = — -----   . [A-2]
1  b ,  b .
With equation [A -2 ] ,  the variable DIST^ can be incremented by some 
distance j  (10 miles was used in this study) and DIST^ computed. From 
Figure A-1, equations for DIST^ and DIST^ can be stated:
DIST^ = X.^ + Y^2 [A-3]
and
DIST^ = (H -  X^)^ + Y^2. [A-4]
Subtracting equation [A-4] from [A-3] and solving for X results in
_ [ A - 5 ]
i  211
and f in a l l y  an equation for  Y equals
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1 7 3
Y. = ± (DIST^)" - [A-6]
This is a solution (equations [A-1] through [A-6] only i f  the 
market boundary intersects the stra ight l ine  connecting two supply 
regions at some point between the two supply regions (G i l le t te  and one 
other) .  I f  the intersection is not in this in te rva l ,  a d if fe rent  
solution algorithm is required (the computer code contains the solution 
algorithms for a l l  cases).








G i l le t te  
Wyomi ng
Figure A-1. Example market boundary.
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 ̂ Ri JüI - AMMFP:  






M I O ' I A l L h ,  l e -,
MAJCH 1 9 8 2
T H 1 3  n k O C k AM COMPUTES T I E  PERCENT UF 
A Ü T A T E 3  5XSA P O P U L A T I O N ,  ( A  P f O X V  FOP. TOTAL  
P O P U L A T I O N ) ,  THAT F A L L S  I N  THE KÜF COAL  
MARKET R E G I O N .
D I M E N S I O N  S M S A ( 1 3 9 , 1 0 )
D I M E N S I O N
U l M E N S l O N
D I M E N S I O N
D I M E N S I O N
D I M E N S I O N
d i m e n s i o n
A M A P ( 1 0 1 , 2 b )
2 ‘ l Y P i R C 1 4 l 4 , 2 )
P 0 P I N ( 1 6 )
P t P C N T ( 1 6 )
0 Ü T C 2 1 )
S M I N X Y ( 1 3 9 , 2 )
DATA I ,  J ,  1 ADD,  I P.UW,  I B E G ,  I E  ND,  I  SM,  N ,  M,  NYE AR,  N C n L / l l * 0 /
DATA D‘' G S H , D E G S S / R A D S S , R A D S H , T H E T A H ,  T H E !  A S / 6 ' C . v /
DATA A F I P S T , A K E X , A M I N , A M A X , Z H Y P l , Z H Y P 2 / 6 * 0 . 0 /
DATA X F I P S T / Y F I P S T , X N E X , V N E X , X 2 , Y 2 , X I , Y l , S I G N l , S I G N 2 , X , Y / 1 2 * 0 , 3 /  
DATA N T E S 1 , N T E S 2 / 2 * C /
I N I T I A L I Z E  ARRAYS TO ZERC V AL UE S  
DO 2 0  I  = 1 , 1 3 9  I 1 3 9  SMSAS TOTAL  
DO 1 0  J  = 1 , 1 0
S M S A ( I , J )  = 0 . 0  
1 0  C O N T I N U E
2 0  c o n t i n u e
DO 4 0  1 = 1 , 1 3 9  
DO 3 0  J = l , 2
S M I N X Y d ,  J )  
3 0  c o n t i n u e
4 0  C O N T I N U E
=  0 , 0
c
c
0 0  6 0  I  =  1 , 1 0 1
DO 5 0  J  = 1 , 2 8
A H A P ( I , J )  =  0 . 0  I HYPER COORDS  
5 0  C O N T I N U E
6 0  CON T I N U E
DO 8 0  I  =  1 , 1 4 1 4  
DO 7 0  J  =  1 , 2
Z H Y P E R ( I , J )  = 0 . 0  
7 0  c o n t i n u e
8 0  CONT I NUE
DO 9 0  I  = 1 , 1 6
P O P I N ( I )  = Ù . 9  
P E R C N T t I )  =  0 . 0  
90  CONT I NUE
DO I O C  I  =  1 , 2 1  
OU r(1) = W.O 
I C O  CONT I NUE
SMSAS Akc: S T UP E D UN U N I T  1 9
P.fc AD (  1 9 ,  l i  0 ,  f  ND= 1 2 0  )  (  (  SM SAC I ,  J ) ,  J  = 1 ,  I  0 ) ,  1 = 1 ,  1 39  )
1 1 0  F O R ’̂ A T ( I O F )
1 20 CON T I N U E
HYPER f ' OKDS ARE UN U N I T  21
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r F . A I ' (  2 1 /  3 3 o , r ! N U  = l 4-' ) ( (  A -UPC I ,  J ) ,  j = l ,  1 = 1 , 1 : : )
1 3 0  F ü a ^ ' A T C ' i l F )
1 4 0  CONTl N' Jt .
c
C A MAP 13 TRAWSFOkMPD I N T O  A :  BY 1 4 1 4  A3- ÎAY CALLED Z HYP£R
1 5 0  CnNTI KI l F .
1 6 0  DO I d O  1 = 1 , 1 0 1
DC 1 7 0  J = 1 ,  2
I F . Ü ’f = I  ♦  l ADL  
M= J » N
Z H V P E R (  I R O W,  J )  = A M A P ( I , v | )
1 7 0  CON T I N U E
1 8 0  CONT I NUE  
N=N •*■2
l A D D  = l A D D  *  1 0 1  
1 F ( N . L T . 2 7 )  GÙTO 1 5 0
W R l T E ( 1 5 , 1 9 0 , L N D  = 2 ( ' v  ) ( ( Z H Y P £ R (  I , J ) ,  J = 1 , 2 ) , I = 1 , 1 4 1 4 )
1 9 0  F 0 R M A T ( 2 F )
2 0 0  CON T I N U E
C
C t h i s  p r o g r a m  G E NERA I  C.S THE P ERCENT  OP A S I  A T E ' S
C P O P U L A T I O N  F A L L I N G  I N  THE NGP R E G I O N ,  H J T  FOR ONLY ' 1 '
C YEAF. Î  1 9 8 0 ,  1 9 8 5 ,  1 9 9 0 ,  1 9 9 5  E T C . ,  2 0 1 0 .
W P 1 T E ( 5 , 2 1 0 )
2 1 0  F O R M A T ! / , I X , ' T M E  USER MUST T YP E  I N  THE FORECAST  YEAR FOR
1 W H I C H ' , / , I X , ' A  P O P U L A T I O N  WEI GHT E D FORECAST I S  D E S I R E D  I E . ,  
2 ' , / , 1 X , ' 1 9 8 0 ,  1 9 8 5 ,  1 9 9 0 ,  E T C . ,  2 0 1 0 ' )
R E A D ( 5 , 2 2 0 )  NYEAR  
2 2 0  F 0 R M A T ( I 4 )
I F C N Y E A R . E Q . 1 9 8 0 )  N C 0 L = 4  
I F C N Y E A R . E Q . 1 9 8 5 )  N C 0 L = 5  
I F C N Y F A R . E Q . 1 9 9 V )  N C Ü L = 6  
I F C N Y E A R . E Q . 1 9 9 5 )  N C QL = 8  
I F C N Y F aR . E Q . 2 0 0 0 )  NCf JL=7  
1 F C N Y E A R . E Q . 2 0 0 5 )  N C U L = 9  
I F C N Y E A R . E Q . 2 0 1 0 )  N C 0 L = 1 0
C
C FOP. EACH OF THE 1 6  S T A T E S  ON THE MARKET BOUNDARY THE
C F I R S T  AND L A S T  SMS A I I I  F I L E  S M S A C I ,  J )  I S  I N D I C A T E D  BY
C I P E G  AND I  E N D .
DO 561 I S M  = 1 , 1 6
G O T O C 2 3 0 , 2 4 0 , 2 5 0 , 2 6 0 , 2 7 0 , 2 8 0 , 2 9 0 , 3 0 0 , 3 1 0 , 3  2 0 , 3 3 0 , 3 4 0 , 3 5 0  
1 , 3 6 0 , 3 7 0 , 3 8 0 ) I S M
2 3 0  I B E G = 1
I  END =6 I ARKANSAS  
GOTO 3 9 0
C
2 4 0  I B r C = 7
I  END = 11  I COLORADO  
GOTO 3 9 0
C
2 5 0  I 9 h G = 1 2
I E - . D = 1 5  I KAN S.AS 
GOTO 3 9 )
C
2 6 0  I 3 1 G = 1 6
I F ' - ' D= 22  I L U U S I A N A  
GGI O 3 9 )
C
2 7 0  I P £ G = 2 3
I E f l ) = 2  5 1 OKLAHOMA
GOTO 3 9:'
C
2 8 0  I R i - G = 2 7
1 E n D = 5 2  ! T E X AS
GOTO 3 9 )






in: 0 = 53 
I - ‘̂ D=5o 
GOTO 3 9 0
I b : ; G = 5 7  
I Î  ̂  D = 6 o 
GOTO 3 9 0
I  PE G = 6 7  
lOND =60 
GOTO 3 9 0
I B E G  = 81  
I Z M )  = 8 7  
GOTO 3 9 3
I WY3MI MG
I I L L I N O I S
I I N D I A  MA
I I OWA
3 3 0  I B E G = 8 a
I E N 0 = 1 0 i  I M I C H I G A N  
GOTO 3 9 0
3 4 0 I B £ G = 1 0 1  
I E N D = 1 0 6  
GOTO 3 9 0




I B E G = 1 0 7  
I E N 0 = l l 8  
GOTO 3 9 0
I 8 £ G = 1 1 9  
I E N O - 1 2 6  
GOTO 3 9 0
I B E G = 1 2 7  
I E S D = 1 3 0  
GOTO 3 90
I W I S C O N S I N









I B E G = 1 3 1
I E N D = 1 3 9  1 WASHI NGT ON  
C O N T I N U E
TOTPOP = 6 . 0  
P O P l N d S M I  = 0 , 0  
P E P . C N K I S M )  = 0 . 0
f B E G I N  C H E C K I N G  
S M S A ( I , N C O L )
DO 5 5 0  I  = I B E G r l E N D  
T OT P OP  = T OT P OP  ♦
X = S M S A ( I , 1 )
Y = S M S A ( I , 2 )
RAOSS = A T A N ( A B S { Y  /  X ) )
DSGSS = ( 1 8 0 . 0  /  3 . 1 4 1 5 9 )  •  P AD3S  
I F ( ( X  . G E . O . O  ) . A N L . ( Y . G E . 0 . 0 ) )  G J T 3  
I F ( ( X . L T . O . C ) . A M C . ( Y . G T . O . C ) )  G i r o  
1 F ( ( X . L T . C . Û )  . A N D . ( Y . L T . y . u ) )  GOTO




T. 4ETAS = 3 b 0 .  
GOTO 4 3 0
C O N T I N U E  
T H E T A S  = I d C .  
GOTO 4 30




4 1 0 C O N : I H U E  
T H E ? A S  = 
GOTO 4 3 3
1 8 0 .  -  DEGSS < QUADRANT 2
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4 20  c ü -n : i n ' u s
U S T A S  = ( I d O .  /  3 . 1 4 1 b 9 )  *  P4.DSS 1 QUA USANT l
4 3 0  C Ü N I I N U E
C
C
NCüi I NT  = 0
UQ 52C ISf-U' = 1/14T4 
C I F  A BOUNUAP-Ü COULD NUT BE GENERATED I N  PROGRA' !  B I G H Y P ,  THEN
C ZHFOS f I L L  OCCUR FUR EACH F A I R  UF C Q Q K D I N A I E S  I N  ARRAY Z H Y P E R .
C CUNSEQi / c  NTLY^  T H I S  L JCP MUST S M P  OVER T H I S  C A 3 F .
NCCUNT = NCOUNT » 1 
Z H Y P l  = / , H Y P £ f t ( I ? O . V , l  )
Z H Y P 2 = 7, H Y P L R < I  r< 0  R ,  2 )
I F (  ( { Z H Y P l . L T . O . C O O D .  AND.
1 ( Z H Y P l . G T . I - O . U C O l )  > )
2 . A N D .
3 ( ( Z H Y P 2 . L T . 0 . t O 0 1 ) . A S D .
4  ( Z  1 Y P 2 . G T . ( - 0 . 0 0 0 l ) ) ) >  GUTO 5 1 0
R.ADSri  = A T A N ( A 8 S ( 7 , H Y P 2  /  Z H Y P l  ) )
DEGSH = ( 1 8 0 .  /  3 . 1 4 1 5 9 )  •  RADSH  
I F ( ( Z H Y P l . G E . V . O ) . A N D . ( Z H Y P 2 . G E . O . O )
1 )  GOTO 4 6 0  
1 )  GOTO 4 5 0  
1 )  GOTO 4 4 0
C
c
I F ( ( Z 1 1 Y P 1 . L T . 0 . 0 ) .  A N D . C Z H Y P 2 . G T . O . O )  
I F ( ( Z H Y P 1 , L T . 0 . C ) . A N D . ( Z H Y P 2 . L T . 0 . 0 )
T H E T A H  = 3 6 3 .  -  DEGSi l  I 4 T H UUAD
GOTO 4 7 0
4 4 0  C O N T I N U E
T H E T A H  = 1 8 0 .  *■ OEGSH I 3 R D QUAD
GOTO 4 7 0
C
4 5 0  C O N T I N U E
T H E T A H  = 1 8 0 .  -  ÜEGSH ! 2ND QUAD
GOTO 4 7 0
C
4 6 0  C O N T I N U E
T H E T A H  =  ( I S O .  /  3 . 1 4 1 5 9 )  •  RADSH I 1 S T  QUAD 
4 7 0  C O N T I N U E
C
C B E G I N  O R D E R I N G  ( L A R G E S T  VS S M A L L E S T )  THE ANGLES FOR TWO
C MARKET BOUNDARY C O O R D I N A T E S .
I F ( N C O U N T . G T . l )  GOTO 4 8 3  
C S I N C E  N C r U N T  EQUALS Z E R O ,  T H I S  I S  THE F I R S T  OF A P A I R  OF
C HOUND ARY CO O R D I N A T E S :
A F I R S T  = THETAH
X F I R S T  = Z M Y P E P ( I R O W y i )
Y F I F S T  = Z H Y P E X ( I R 0 W , 2 )
GOTO 5 2 0  I GET A SECOND BOUNDARY COORDI NATE
4 8 0  C O N T I N U E
C T H I S  I S  THE NEX T  OR SECOND DOUNDAdY C D D R D I N A T L :
ANEX = T HE T AH
XNEX = Z ' I Y P E R (  I R . i M / l )
Y N E X  = Z H Y F L R { I F . 0 W , 2 )
C D E T E R M I N E  « H I C H  OF T HE TuO ANGLES I S  « 1 4  AND >.'HICfl  I S  MAX
C AND ORPFP T H i  ANGLES AC C O R D I N G L Y :
A M I N  = A H I N K A F I P S T / A N F X )  ! M I B  OF 2 ANGLES
I F C A M I N .  N E .  A . F I R S T )  GOTO 4 9 3  I THEN AMI N = ANEX
A MAX = ANEX
X 2  = X N£ X
Y2 = Y NEX
X I  = X F I R . S T
Y1 = Y F I - 3 T
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4 9 0  C C N T l N U t
XI = X.'iLX 
Y1 = ¥ N £ X
= A F I « S T  
X2 = X r I H S T  
¥2  = Y F I R S T  
SCO C O N T I N U E
THF S t CONÜ C O ü R D l N A T t  PL'AD I N  Aq 0 V £  W I L L ,  I N  THfr  NEXT  
I T E R A T I O N ,  nf. THE F I ^ S T :
A F I R S T  = ANEX
X F l f C i T  =  XNEX
Y F I R S T  = VNEX
L E G I N  C H E C K I N G  WHFTHER THE SMS A I S  I N  THE NGP l APKET R E G I O N .  
F I P S T ,  CHECK I F  I T  I S  I N  THE BüI l HDARY ANGLES AND NEXT WHETHER 
I T  I S  CLOSER OR F URT HE R THAN THE BOUNDARY:
N T Î S 1  = 1 I S I G N  T E ST
I K  ( A M A X - A M I N )  . G Î . 1  80 ) N T E S l  = - 1  
MT ES2  = ! S I G N  TEST
I F {  (  A M I N . L E . T H E T A S  ) . A N D . C T H E T A S . L E . A M A X ) )  NTES2
1 1
I F (  C ( N T E S l . G T . O ) . A N D . ( N T E S 2 . l t . C )  )
1 . O R .
2 ( ( N T E S l . L T . 5 ) . A N D . ( N T E S 2 . G T . O ) ) )  GOTO 5 1 0 I S M S A  NOT I N  ANGLE
S I N C E  THE SMSA ANGLE I S  BRACKLTEÜ BY HYPER ANGLES
CHECK k H I C H  I S  C L O S E R ,
S I G N l  = ( X 2 * Y 1 )  -  ( X 1 * Y 2 )
S I G N 2  = ( Y 2 - Y 1 ) » X  + ( X 1 - X 2 ) * Y  *  S I G N l  
I K  (  ( S I G N l . G T . O )  . A N D .  (  S I G N 2 . L T . 0 )  )
1  . O R .
2 (  ( S I G N l . L T . O )  . A N D .  ( S I G N 2 . G T . 0 )  )  )  GOTO 5 3 0  I SMSA OUT
5 1 0  C O N T I N U E
I F ( N C O U N T . L T . l O i )  GOTO 5 2 0  
NCOUNT = 0  




5 40  
5 5 0
P O P I N ( I S M ) = P O P I N ( I S M )  + S M S A ( I , N C O L )
F I L E  S M I N X Y  C O N T A I N S  CORDS OF ALL S M S A ' S  I N  THE NGP REGI ON  
S M I N X Y d , ! )  = S M S A ( I , 1 )
S M I N X Y d , 2 )  = S M S A ( 1 , 2 )
GOTO 5 5 0
C O N T I N U E  
TYP E  5 5 0 ,  I , I R O W , N C O U N T  
F O R M A T I X  ,  ' S M S A  '  ,  1 6  ,
C O N T I N U E  I READ NEXT SMSA





P E P . C N T d S M )  = P O P I K ( I S M )  /  TOTPOP
5 60
T Y P E  *  , I S M , P n P I N ( I S M )
CONT I NUE 1 READ NEXT S T AT E
U U T ( l )  = PE. RCNT( 1 0 ) I I O W A
0 U T ( 2 )  = P £ R C N T { 3 ) I KANSAS
o u r ( 3 )  = l . C « M I N N E S O T A
O U T ( 4 )  = 1 . 0 I MUt î TANA
n U T ( , 5 )  = 1 . 0 1 NFRKASKA
G U T ( 6 )  = 1 . 0 1 N . ! >.
U U T ( 7 )  = P £ R C N T ( 5 ) 1 OKLAHOMA
0 U T ( 8 )  = 1 . 0 1 S . O .
O U T ( 9 )  = P E R C N T ( 1 3 ) 1 W I S C O N S I N
OUT ( I d = P E R C K T C ) ! ARKANSAS
Ü U 1 ( 1 1 ) = P E R C N T ( 2 ) 1 COLORADO
TOTPOP ,  P E R C N T ( I S M )
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5 7 0
O U T ( 1 2 ) - P £ R C N T ( 1 4 ) 1 l O A t i r j
C U T ( 1 3 ) P £ R C N T ( 8 ) 1 I L L I N O I S
O U T ( 1 4 ) = P E R C N T d l ) I M I C M I G A N
O U T ( 1 5 ) P E R C N T ( 1 2 ) ( M I S S O U R I
O U T ( 1 6 ) P £ R C N T { 7 ) ! W Y O M I N G
0 U T ( 1 7 ) = P 2 k C N T ( 4 ) 1 L OU S  I  A N )
0 U T ( 1 8 ) P E R C N T d S ) ( O R E G O N
Q U T ( 1 9 ) = P E R C N T ( 6 ) ( T E X A S  -
O U T ( 2 0 ) = P E R C N T d 6 ) ! W A S H I N G T O N
0 U T ( 2 1 ) = P E R C N T ( 9 ) ( I N D I A N A
W R I T E ( 1 6 / 5 7 0 ) ( C U T ( I ) / 1 =  1 / 2 1 )
F O R H A T d X / F )
DO 5 9 0  1 = 1 , 1 3 9
W P I T K ( 1 7 , 5 b v  )  ( S M I N X Y d ,  
5 8 0  F 0 i ; M J l T ( l X , F 6 , l , l X , F 7 . I )
5 9 0  C O N T I N U E  
END
•11/ <J —1/21
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MIC' IALL -1. Le"
A L O f . Ü l T H !  T.] F Ü . / C A 3 T  F L." C F I  C I  T Y fL- ' AhL  
PLU PUA'Y
iJATA T s.NÎP j p . l A " !  lUS:
F L t C T P . I C I T Y  :
( i )  Cf IFj -N' t  FLFCT5-1C "AICFS {3L:A  V L P S I j X  I I )  A/k I'. NtU.IN'AL L U L L ' -S 
P E P  T H n t l S A , . D  K ' Y ' l k  ANI *  AS A l e Y C E  A. Kè D ê F L A T u : '
T O  1 9 6 7  D O L L A R ^  HY USE. rjp rUF I  9 ? 6  C P I  ( UFt » ' ? I )  lU-' 1 . 7 .
T H F  L S C L A T I O N  PA. TLS A P ' L i L I '  TO T H I S  I . ' i D h X ,  FOR L r . P L A T I ' i G  l ' ü c - C A S T  
E L F . C T i l C l T Y  f P I C P S /  A^K ( i l V F * .  I N  V È P S I Ü K  I I  !)F T t I L  SLF.D P U B L I C A T I O N .
C 2 )  T H I S  AUTHOR USr .D BASE YEA?.  t L S C Î k l C  (  AND G P ^ I C E - S  A L S O )  P i ^ I C . ' S  
F k O M  T H E  D ü F ' S  ü F P l C t  OF A S S l S T n . ’ T AD M I c M  S TR A I Ü L  FiJP PROGRAM H t V E L O P '  
R i V T  T HKS F  P RI CL - S  ARE V - i  1 9 7 9  D O L L A R S  PER M I L L I O N  u T U ,  AND MUST SE 
M U L T I P L I E D  MY 3 , 4 1 2  TO A R R I V E  AT D O L L A R S  PER M I L L I O N  K n H P .  T H E S E
I  9 7 9  PF I C E S  D E F L A T E D  TO 1 9 6 7  D O L L A R S  U S I N G  THE C P I  AND J P I  OF
2 1 7 . 4  AND 1 1 6 . 9  ( 1 9 7 9 ) .  THE REAL  R AT-  OF R R I C F  t ' S C A L A l l O N  FOR  
F L E C T R I C I T Y  I S  P R O V I D E D  BY THE U S S R .
g a s :
( 1 )  CH E . R N ' S  GAS P R I C E S  4c,RE PUT I N T O  REAL  TERMS BY T H I S  AUTHOR  
I N  T H E  DATA P I L E .  C H E R n ' S  GAS P R I C E S  ARE AL READY I N  C E N T S  PER  
P I L L I O N  BTU ( E Q U I V A L E N T L Y  $ /  1CÙD T H e R M S ) .  THE ASSUMED  
GROWTH RATES ( R E A L )  US E D BY CHERH ARE I N  AS' A P P E N D I X  TO V E R S I O N
I I  OF T H E  S L E D  M O D E L .  I N I T I A L  1 9 7 6  GAS P R I C E S  WERE D E F L A T E D
T O  1 9 6 7  D O L L A R S  W I T H  A C O S T  OF L I V I N G  I N D E X  ( C L I )  ( R  6 C S E C T O R S )
OR T HE  W P I  ( I  S E C T O R ) .  T H E S E  I N D I C E S  WERE S U P P L I E D  BY COL LEE N  
G A L A G H L R ;  t h é  C L I  w a s  D E V L L O F E D  b y  KE N T  ANDERSON ( P A N D  C O R P ) ,
( 2 )  THE DOS GAS P R I C E S  ( BASE Y E A k )  ARE I N  S / M I L L I U N  UTU AND MUST  
BE M U L T I P L I E D  BY l O C  T O A R R I V E  AT 5 / 1 0 0 0  T H E R M S .  D O E ' S  GAS P R I C E S  
ARE I N  1 9 7 9  D O L L A R S  AND APE D E F L A T E D  TO 1 9 6 7  D O L L A R S  ( F O P  
C O M P A R I S O N  W I T H  S L E D  P P I C E a )  U S I N G  C P I  AND WPi  I N D I C E S .
COAL:
(  1 )  C H L P . N ' S  1 9 7 6  COAL P R I C E S  APE I N  RE A L  TERMS I N  T HF  DATA  
F I L E  ( B A T A I N )  AND ARE A L S O  I N  C t N T S / M I L L l O N  B I U .  T HE S E  P R I C E S  
N E E D  ONL Y  hE D E F L A T E D  TO 1 9 6 7  D O L L A R S .  THE WP t  S U P P L I E D  BY 
C Ü L L L E N  G A L A G H E P  WAS USE D .  COAL P R I C E S  I N  1 9 6 7  D I L L / P S  . .ERE 
T HE N I N F L A T E D  AT F A T F S  G I V E N  I N  T HF  A P P E N D I X  OF V E R S I O N  I I  OF 
T H E  S L E D  MODEL ( F O P  THE E A S T  N .  C E N T R A L  CE NSUS R F i G l O N ) .
D I P E N S t O N  
D I M E N S I O N  
D I M F NS I G N  
.iIHENSIGN 
L I M E N S  t t ' N  
D l M . F N S i U r  
Dl'-'r NSiGN 
DIMENSION 
L: I M F N 0 I '1N 
D T i ' r  N S I ' I N  
I I .^E N S !  ON 
: I . * 'EN S I  O'.
ClMENSiGv
DIME N Sir.  '' 
I  I  y E N C » n •; 
:  IK.Fo3 ID'
.19UL 1(21,21) 
A?Uts2(21,21 ) 
ASU6 6 ( 2 1 , 2 1 )  
ASUB5(21,21) 
A SU L ' 7 ( 2 1 , 21 )  
4 S U t H ( 2 l , 2 I  ) 
ASUP9(,!l, 12) 
ASUHl (21,21) 
.4 SO ' U K  21,  21 ) 
A S U B 1 2 ( 2 1 , 21 )  
i S U P 1 3 ( 2 1 , 21 )  
A 5 U ' ) 1 4 ( 21 ,  2 1 )  
A S J B 1 5 ( 2 1 , 2 1 )  
' sur 16(21,J.)
iSU.  3 ( 2 1 , 2 1  ) 
A S U P - , ( 2 l , 2 l )





[ . iy:-;  N S I  g: '  
D I M - N S i O >  
D I M t N S I M N  
Dlt'EN.SIÛN 
DIMFihSiOX 
d i m e n s i o n '
D I M E N S I O N
D I M E N S I O N
d i m e n s i o n
D I M E N S I O N
d i m e n s i o n
D I M E N S I O N
D I M E N S I O N
d i m e n s i o n
D I M E N S I O N
d i m f .n  s i  o n  
d i m e n s i o n  
d i m e n s i o n  
d i m e n s i o n  
D I M E N S I O N  
D I M E N S I O N  
D I M E N S I O N  
D I M E N S I O N  
d i m e n s i o n
D I M E N S I O N
D I M E N S I O N
d i m e n s i o n
d i m e n s i o n
D I M E N S I O N
D I M E N S I O N
D I M E N S I O N
D I M E N S I O N
D I M E N S I O N
D I M E N S I O N
D I M E N S I O N
D I M E N S I O N
D I M E N S I O N
D I M E N S I O N
D I M E N S I O N
D I M E N S I O N
si.LYr CSlŜ  21)
'̂VS:L: (21,21)
h V S f c L C ( 2 1 , 2 1 )
b\s^Lu;i /2 i )
ü \ G A S 2 ( 2 1 , 2 1 )
H ASC ( 2 1 , ' 2 1 )
SAG AS 1 ( 2 1 , 2 1 )
8 A C 0 A L ( 2 1 , 2 1 )
C J A L 7 6 ( 2 1 )
C A T A n . ( 3 1 5 , 5 )
Dci MECI  ( 2 1 ,  G)
^ L P F ; 7 9 ( 2 1 ,  J )
) A S F 7 9 ( 2 1 , 3 )
C O r . F k (  2 1 ,  4 )
C O E F C ( 2 1 , 4 )
C D E F K 2 1 ,  4 )
Ü D T G R O ( 2 1 , 0 )
3 T R 1 ( 2 I , 2 1 )
5 1 0 1 ( 2 1 , 2 1 )
S T C 2 ( 2 1 , 2 1 )
S T R 3 C 2 1 , 2 1 )
3 T C 3 ( 2 1 , 2 1 )
S T I 3 ( 2 1 , 2 1 )
S T R 4 ( 2 1 , 2 1 )
5 1 0 4 ( 2 1 , 2 1 )
S r i 4 ( 2 1 , 2 1 )
S T I 5 ( 2 1 , 2 1 )
S T R 6 ( 2 l , 2 1 )
S T 0 6 ( 2 1 , 2 1 )
S T I 6 ( 2 1 , 2 1 )
S D M D R ( 2 1 )
S U M D C ( 2 l )
S U M D K 2 1 )
S U M R C K 2 1 )
3 1 D F C 1 ( 2 1 , 2 1 )
S T D I F R ( 2 l , 2 1 )
S T D I F C ( 2 1 , 2 1 )
SrDIFI(21,21)
T 0 T S U R ( 2 1 )
T 0 T S U C ( 2 1 )
T U T S U K 2 1 )
! T 3TE 
18/ Sf 
I8«SS 




I I N T  
1 1 9 7 0  
I F D c L  
1 1 9 7 9  









f -SALLY F I L L E D  
= L 3  ELLC B R I  I 
OJM '
IND '
KL S GAS 8 \ I : I \  
C l ' I  
ISO *
S E NA L L Y F I L L E D  
BASE YEA8 CnAL  
i  r a  CE S ,  P3P K  
F LEO DEM FO? (  
Y E A k ( 7 9 )  Î L E O  
Y E A R ( 7 9 )  Y . GA S
DEM GRO RATES  
E F F K O r  OF P C I
sr . - 3 . SAL GFQ 8 5 - 2 0  
T : - ' S A L  GFQ 3 5 - 2 :
4 I T L  COAL P R I C E S  • 
P ? I C £ _ E H C  
P CI  ; FOR 41
M( r - 1  ) )  ; F0.R4 3
P R I C E S  R C & I : F 0 9 4 7  
P h i  P C ^ I  : F 0 R 4 8  
: F I 1 9 5 7  
: F OR 58  
: F 0 E 5 9  
FUT TOT AL S : F OR 3 3  
UN RF. SI D E L t C  DEM 
'  COMM
E F F E C T S
I SUM UF RES E L i C  DEMAND 
I '  '  COMM '
I '  '  I N D  '
SLFD MODEL
I N I T I A L I Z E  ARRAYS
DATA A G R O l ,  A G R 0 2 ,  A G R 0 3 ,  AGF. 04 ,  A G P 0 5 / 5  .  3 /
DATA N L Y l ,  I ,  J , M , J F  I R S T ,  J L A S T / 6 ' ^ 0 /
d a t a  M O V l 6 9 , M O V i y C , M O V 2 1 1 , M O V 2 3 2 , M O V 2 7  4 , M 0 V 2  9 5 / 6 * C /
DATA M I ' i V 2 2 , M O V 4 3 , M O V l 2 7 , M O V 1 4 e , M O V 8  5 , M 3 Y l 3 f c ,  MOV25 3 / 7 * 0 /  
DATA G K Ü l , G P . 0 2 , G k 0 3 ,  G F . Q 4 , G R U 6 , G R O R A T / 6 * 3 . 0 /
DATA D l , D 2 , L t 3 , D 4 / 4 » C  . 0 /
DATA D 1 - 2 , D D 1 , D D 2 , D D J , D U 4 / 5 * U . C /  • SUBR3UT VARS
DATA L S , L L , L , J N , J P , J D , J D S U B , J J , J C n L / 9 * : /
DATA A P G F / 1 * 0 . 0 /
TESGAS = O . O O C l  
JDUH.MY = 0
DU 20  1 = 1 , 2 1
DO 10  J = l , 2 1
AS' JBl  ( l y J ) = c . o
A S U H 2 ( 1 , J ) c . o
A S U B 3 ( l y J ) = C . C
A S U B 4 ( I / J ) r J • V
A 3 U e 5 ( I , J ) r c .  :
a S J B 5 ( I / J ) r .  # #
A S U H 7 ( I , J ) = 3 . 0
A 3 U B 3 ( I / J ) = Ù.  0
4 S U B 9 ( I , J > = C .  0
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t . sd ' n* .  ( i , j ) = <t , ' j
A S U h l l d ,  J ) = D . C
A S U b l 2 d ,  J ) = ' . r;
. A S U . 0 1 3 d , J ) = 0 .  C
A S U D 1 4 ( I , J ) = 0 . 0
A 3 U b l 5 ( I , J ) = C . C
A S U B i b d ,  J ) = C . C
B A C l A L d / J ) = (' , c
B A S £ ; L r ' d , J ) = C. C
B A B E L C d , . ! ) = 0 . 0
D A S E L I d ,  J ) = C . o
D A G A S C d ,  J ) = C . C
Ij A G A S R ( I , J ) = 0 . 0
B A G A S I ( I , J > = C . C
S T R 1 ( I , J )  = 0 . 0
S T C l d ,  J )  = 0 . 0
S T C 2 ( I , J )  = o . c
S T R 3 ( 1 , 0 )  = C . C
s r C 3 ( I , J l  = 0 . 0
S T I 3 d , J )  = 0 . 0
S T R 4 ( l , J )  = 0 . 0
S T C 4 ( I , J )  = 0 . 0
S T I 4 d , J )  = 0 . 0
S T I 5 d , J >  = 0 . 0
S I C 6 ( 1 , J J  = 0 . 0
S T 1 6 ( I , J )  = 0 . 0
S T D R C 1 ( 1 , J ) =  0 . 0
S T D I F R d , J ) = 0 , 0
S T D I F C d , J ) = 0 . 0
S T D I F 1 ( I , J ) = 0 . 0
1 0  C O N T I N U E
2 0  CO N T I N U E
DO 4 0  1 = 1 , 2 1
DO 3 0  J = l , 2 1
S T R 6 ( I , J >  =  0 , C  
3 0  C O N T I N U E
4 0  C O N T I N U E
DO 6 0  1 = 1 , 3 1 5  
DO 5 0  J = l , 5
D M A . I H ( I , J >  =  C . C  
50  C O N T I N U E
6 0  C O N T I N U E
0 0  7 0  I  = 1 , 2 1
C 0 * L 7 6 ( i )  = 0 . 0  
S U M D R C I )  =  c . r  
S U ^ D C ( I )  = O . C  
S U X D K I )  =  0 . 0  
S U f - R C K l )  = 0 . 0  
T O T S U R d )  = 0 . 0  
T O T S U C ( I )  = 0 . 0  
T O T S U I d )  = 0 . 1  
7 0  C O N T I  Ni' -
8C
90
DO 9C 1 = 1 , 3 1 5
DO 0 0  J  = 1 , 2 1  
A L L V r t d / D )  
C O M I N U :
CUNT
DO 1 1 0  1 = 1 ,
DO I ' - j  J = i , 6
D S . - l ? C X ( I , J )  = . i . C 1 1 9 7 9  SLEC D" %/  H J - H  ACTUAL AND CHE.-,'. S 
‘ i i t ' I 0 K ; j ( I , J ) = U . ( - 1 9  ! EL EC DEM QOU K A l z :  EOT, T O '  DEM




1 1 : '  Cl. : -: I : .  1
1/0 13C 1 = 1 , 2 1
nr. 1 2 ,  j = : , 4
cn -.K,ui,.J) =1'
C )'r t-'C { 1 , J ) =  i ' , i  
Criii- K I, j )  = c
120  cot r I  NO 1
130 C O N T I ’i 'E
c
Ü0 1 5 1  1 = 1 , 2 1
DO 1 4 0  J = : , 3
i L ? n 7 9 ( I , J )  = C. ! j  
(;ASt'7y(i,j) = c.c 
140 cu .r i ’iJi
1 5 :  CGNTIN'J£
c
C R2AU Vl LUOS FROM U N I T S  TO tFkOYS
O P E k ( U ^ l T = 4 1 , D h V l C - = ' O S K ' , ; C C F S S = ' S 2 0 I N ' )  
O P F . N ( U M T = 4 3 / D E V I C r =  ' b S K ' , A C C l S S  = ' S 2 Q i S '  ) 
R£ > L - (  4 3 ,  1 6 0  ) (  C D E M R C I U ,  J ) ,  J  = l ,  6 ) , I = l , 2 1 )  
160 KQnMAT(6F)
k E A D ( 4 1 , 1 7 0 ) ( ( D A T  A I N ( I , J ) , J  = 1 , S ) , 1 = 1 ,  3 1 5 )  
1 7 0  F 0 R F A T ( 5 K )  
l e i  CONT I NUEU I t
C L 0 S F , ( u n I T  = 4 1 , U £ V I C E  = ' U S K ' )  
C L U S F ( U N I T  = - 4 3 , U F V I C E  = ' D S K * )
C 0 A L 7 6 ( 1 )  = 7 . 6 9  
C 0 A L 7 6 ( 2 )  = 9 . 5 8  
C 0 A L 7 6 ( 3 )  = 1 2 . 8 2  
C O A L 7 6 ( 4 )  = 1 0 , 1 3
C
C THE F-OLI.0 * 1 3 0  LOOP ( L = l , 4 )  D E T E R M I N E S  VALUES FOP.
C DATA FOR YEARS DETWEEN 1 9 8 0 - 1 9  8 5 , 1 9  8 5 - 1 9 9 0  E T C.
DO 1 9 0  1 = 1 , 3 1 5
ALLY? C 1 , 1  ) = D . A T A I N ( I ,  1 )
A L L Y P C 1 , 6 ) = D A T A 1 N ( I , 2 )
A L L Y R ( I , l i ) = D A T A I N ( I , 3 )
ALLYRC 1 , 1 6 ) = D A T A I N ( I , 4 )
A L L Y R ( I , 2 1 ) = U A T A 1 N ( 1 , 5 )
1 9 0  CONTI NUE
DO 28-' '  L = l , 4
G O r O C 2 0  0 , 2 1 0 , 2 2 0 , 2 3 0 ) L  
2 0 C  C O N T I N U E
L 3 = i
G 0 ? 0  2 4 )
2 1 0  C O - I I V U E
L S = 6
GOTO 2 41 
22: CLU’T I N i j ^
L 3  = l l  
GO-r ) 2 4'/
2 2'" C O ' M I N U i
L S = i h  
2 4 7  C O . r i U ' j i
C LS I S  '■■U' l , i v , l 9 5 5  E T C ,  ' " I I L N  L ' > 0  IS ‘■’ IR l ' ^ 8 1 - 1 7 i 4 ,  1 9 s 6 - i T C .
DC 17 . )  1 = 1 , 3 1 5
r O  2 6 ,  J  = l , 4  
L L = L + .
J P  = L I  *  J  
j ; ,  = J p  -  :
C I L S C A 3  1 Ç 1 Cl  - ,CC PJR V *.LUf S I N ARRAY ' i A " ' A l V j  THE LOG OF
C Z L M i  T, u N u - K 1 n :L' .  ,  - t r - - -! r- ( ( I iT s ; c : , 1, 1 . r" “"c ' s ). - " v : '•( i t
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1 )  '’ O'î 1 i 5 . .
p I K F =  ; ( D  u ; .  ( I , L L )  ) -  ?.L j :  ( D A T  AIrJ ( I , L )  )
= C ^ . 7 1 b 2 H i S )  * * { C l F F / 5 )  I 1 V 8 G - 1 Q 8 5  = > N = 5
4 L L Y M ( 1 , J P )  = V L L y P ( I , J N ) * A ? G R
GDTG 2 h < :
i s o  C O N T l N . J i
A L L Y k ( I , J P )  = 0 . 0  1 F J a  TH? CAS-,  THAT A V AL U:  I S  Z £ RO  
2 6 0  C ' J M I N U D
2 7 0  CO' i T I NO: .
2 8 0  C O N T I N l i -
C
C LL & C Dr.MAMÜ MUST B£  M U L T I P L I E D  OY 1 0 0 0  TU A h M V F  AT
C THE S T f . NuAE D U N I T S  USED BY CHERN UF ' U L L I U N  K^HRS ( FROM
C C O M M U N I C A T I O N  « I T H  CUL L EE N G A L A G I ' d R ) .
0 0  3 0 0  1 = 2 5 3 , 3 1 5  I R ,  C k I  SECTORS  
0 0  2 9 0  1 = 1 , 2 1
A L L Y R ( I , J )  =  A L O G { A L L Y K ( I ,  J ) * 1 3 3 C )
2 9 0  C O f ' T I N U E
3 0 0  C O N T I N U E
C
O P L H ( U N I T = 4 7 , D E V I C E = ' D S K ' , A C C E S S = ' S E Q I N ' )
O P F M ( n M T = 4 0 , û £ V I C E  = ' O S K ' , A C C E S S = ' S E Q I S ' )  
E £ A D ( 4 7 , 3 1 0 , E N ü = 3 2 0 ) ( ( E L P R 7 9 ( I , J ) , J = 1 , 3 ) , I = 1 , 2 1 )
R E A D C 4 8 , 3 1 0 , E N D = 3 2 P ) ( ( G A S P 7  9 ( I , J ) , J = 1 , 3 ) , I = 1 , 2 1 )
3 1 0  F O R M A T O F )
3 20  C O N T I N U E
C L 0 S E ( U N 1 T = 4 7 , D E V I C E = ' D S K ' )
C L O S E ( U M I T = 4 8 , D E V I C £ = * D S K ' )
C
W K I T F . ( 5 ,  3 3 0 )
3 3 0  F 0 P M A T ( / , 1 X , '  ANNUAL
1 PERCENT GROWTH R A T E S  ( A F G R ) ,  MUST BE I N P U T
2 I N T O  T HE  M O D E L . I X , ' T H E  USER MUST T Y P E ,  ON A HUROZONT  
3 A L  L I N E ,  F I V E  GROWTH R A T E S ' , / , I X , ' W I T H  A SPACE S E P E R A T I K G
4 E A C H ;  T HE F I R S T  T HREE  R E P R E S E N T ' , / , I X , ' A P G R  FOR I N D U S T R I A L
5 E L E C / G A S  a n d  c o a l  P R I C E S ;  THE L A S T  TWO E Q U A L ' , / , I X , ' G R O W T H
6 RATE S FOR Z L E C  AND GAS FOP THE COMMERCI AL AND 
7 ' / / , l X , ' R E S I D £ N l l A L  S E C T O R S ,  E X P :  0 . 0 1  Î . 0 5  0 . 0 3  0 . 0 2  0 . 0 5 ' )
C
ACCEPT 3 4 & , A G R 0 1 , A G R 0 2 , A G R 0 3 , A G R 0 4 , A G R D S  
3 4 0  F O R M A T ( S F )
C
T YPE 3 5 0 , A G R Ü 1 , A G R 0 2 , A G R 0 3 , A G R 0 4 , A G R 0 5  
W R 1 T F ( 6 3 , 3 5 0 ) A G R O l , A G n O 2 , A G R O 3 , A G R O 4 , A G 4 O 5  
F O R M A T ( / , 1 X , ' C O N F I R M  GROWTH R A T E S : ' , / , l X ,
5 t l X , F ) )
3 5 0  _________ _
1 ( 1 ,





C VALUES FUR THF V A R I A B L E  A G P ' J ( l ) .
S / M I L L  I  UN HTU T H E Y  ARE k U L T P L l E U  
0  3 0 0  N b Y l  = 1 , 2 :
( D E F L A T E D  TO 1 9 6 7 5  LATER
= 1 ,  THE 1 9 6 C  P R I C E S  FOP R 0 W S = 1 , 21
'PU li ïati icll u n c T T T i / c  ne  k r r  * T T u r
c
t 8 V Tirjii - i
J CCL  = J C L L  *■ 1
GRLl l  = (  (  1 > A C . R U 1 ) * » N R Y 1  ) I I N D  EL2C
G F 0 2  = ( ( 1  + A G . ' : 0 2 ) * ' N P Y 1 )  I I ND  CAS
GPU4 = (  ( 1  + AGk 0 4 ) * » N P Y 1  ) I R <. C SLEC
GROS = ( ( l + A G K U b ) * * N B Y l ) ( P N C  GAS
DO 3 7 0  I - l , 21
t’ A S E L R d ,  JCÜL) = (GI-.04) »hLPR79(I , l  ) * ( 3 .  4 1 . ; )  
HA3tLC(I,JCnL) = (Gpn4)*‘-:LPR79(I ,2)*(3.412)  
B \ S i L l ( I , JC J L)  = (GR.J1)*ELPR79(I ,3)*(3.412)
;A5 P R I C E S  ARE M U L T I P L I E D  BY i ) TO GET S / 1 .  THEFN 
b \ G  f , S k (  I ,  J C U L )  = ( G R 0 5 ) ' I A S P 7 9 ( I , 1  ) ' ( l f » 0 )
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i C (  1 / J C ' J L )  = ( ' ; P O 5 ) * ' : A S P 7 9 ( [ / 2 ) * ( 1 0 \ )
M A ' ; 4 5 I (  I / J C U L )  =
3 7f'  COj'-T i N U z
3 8 0  CONTINi . i ; .
C
C PI’ I C Z S  A p r  CZ L: - )ATi , L USI I . G APGR' 3  . C l i f P N ' 3  I N I T T A L  1 9 7 6
C ( Â 9 6 7 S )  KUt. USr:,D AND A3SGMRD TQ I  L A T f  AT A ' AT P. CtlUSüK BY T ! H
C USD?.
J COL  = „ I C A N ' T  U S t  NHYl  AS AN I N D E X  I N  T H I S  LGOP  
DO 4 0 0  N B V l  = 4y 2 4 ( 4  = 1 9 ^ 0 ,  2 4  = 2 0 ^ D .
G P j 3 = ( ( 1 4 .  AGP0 2 )  * ’• N B Y l )
J C ' i L  = JCOL *■ 1 
n o  3 9 0  1 = 1 , 2 1
B A C O A L ( I / J C O L )  = ( G R 0 3 )  •  C 0 A L 7 S ( I )
3 9 3  C O N T I N U L
4 0 0  CON T I N U E
C
4 1 0  C O I T I N U L
C
C READ II» E L A S T I C I T Y  C O E F F I C I E N T S
0 P L N C U N I T = 5 7 , D E V I C E = ' D S K ' , A C C E S S  = ' S E ( U N '  )
OPEN ( U M T = 5 8 ,  D h V I C E  = ' D S K * ,  ACCESS = ' S £ Q I N ' )  
I J P E N ( U N I T = 5 9 / D E V I C E = ' D S K ' ,  ACCE SS = ' S E Q 1  N '  )
R E A D ( 5 7 , 4 2 0 , E N D = 4 3 0 ) ( ( C O E F P C I , J ) , J = i , 4 ) , 1 = 1 , 2 1 )
R E A D { 5 « , 4 2 C , E N D = 4 3 t ) { ( C O E F C C I , J ) , J = 1 , 4 ) , 1 = 1 , 2 1 )
R E A D ( 5 9 ,  4 2 Q , E N D  = 4 3 0 ) (  ( C O E F K  I ,  J ) , J  = l , 4 ) ,  1 = 1 , 2 1 )
4 2 0  F 0 K Y A T ( 4 F )
4 3 0  C O N T I N U E
4  40  C O N T I N U E
C L O S E ( U N I T  = 5 7 , D E V I C E = * D S K ' )
C L O S E ( U N J T = 5 8 , D £ V I C E = ' L S K ' )
C L U S E ( U N I T = 5 9 , D E V I C E = ' U S K ' )
C
C P C I  I M P A C T :  ST AGE 1
C N O T E :  C H E R N ' S  P C I  DAT A WAS D E F L A T E D  U S I N G  C L I  DATA FROM
C c o l l e e n  GALAGHER ( O R N L )  1 9 7 6  = >  1 9 6 7  $ .  B E A ' S  NEWEST P C I  DATA
C I S  D E F L A T E D  U S I N G  T HE C P I  OF 1 2 5 . 3  TO 3 Î F L A T E  1 9 7 2 $  = > 1 9 6 7 $ .
LO 4 7 0  1 = 1 / 2 1
DC 4 6 0  J = i / 2 l  
M 0 V 2 2 = 2 1 + I  
M O V 4 3 = 4 2 + I
A S U B 1 3 ( I , J )  =  A L O G ( A L L Y R ( M Q V 2 2 / J ) / l . 2 5 3 )
A S U B 1 4 ( I , J )  =  A L O G ( A L L Y F . ( M O V 4 3 ,  J ) >
S T R K I / J ) - ( C 0 E F R ( I , 2 ) )  * (  A S U B 1 3 ( I  ,  J ) - A S U P l  4 (  I ,  J  ) )
C
C THE F O L L OWI N G  T E S T  ENSURES T HAT  THE NATURAL LOG OF ZERO I S  NOT
C c o m p u t e d  f u r  C E R T A I N  DEMAND E O U A T I O N S  I N  THE COMMERCI AL  3 E C T Ü » .
C T E S N E G = - T E 3 G A S  BECAUSE ONE C O E F F I C I E M  i Q U A L S  - . 0 0 7
T E 3 . N E G = - T . E ? G A 3  
I F ( ( C O e . F C (  I ,  2 ) .  L I  . T F S G A S )
1 , A S D . ( C 0 E F C ( I , 2 ) . G T . T E S U E G ) )  GOTO 4 5 :
S T C K I ,  J ) = ( C 0 E F C ( I , 2 ) ) * ( A S U B 1 3 ( I , J ) - A S U B 1  4 ( 1 , J ) )
GOTO 4 6 0  
4 5 0  C O N T I N U E
S T C 1 ( I , J )  =
4 6 0  C O ' T I N U Z
4 7 0  CON T I N U E
4 9 0  CONT I NUE
C
c
P U o U L i r i U i ' l  i m p a c t s ; s i c  2
DO 52C 1 = 1 , 2 1
POV1 2 7 = 1 2 6 + 1  
y G ' ; 1 4 9  = 1 4 7  + I  
DC 51 ' )  J = l , 2 l
I P (  ( A L L Y V (  MOVj .  2 7 , J  ) . L T  , ?i - ' SG AS)  . ) » .
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i  ( M.  L V ■ ( " I I 7 i  t ->y J ) , I , i  ̂J ; i, à ) ) ';i 11 I t) V .
?TC i (  1 , . J ) -  CC .  l i  5 ) * (  ; .L0' ' , (  t L LY  = ( W 7 ,  J )  ) -
i  '■.LLV~ J ) )  )
4 9J  t;ÙT ]  *Ï1C
5 CO ? l C i ( I y . J )  = . i . r
5 1 0  C.?, i v j c .
5 2 0  C’-tN-î l ' J' i £
c
5 30  C ü f . ' i r J ’L
c
C T ' U S  S r C T I . i r .  Ci >’1k " T : , ' ,  T:| ' : ’ , F F ; - C r  Me:  ̂ F L L C T < I ' : I T Y  *, ÜA3
C PI' I C S  F K L A T I V Y  TO C l ' 5 . ^ \ ' 3  1 A 3 5  CAS£ P P I C E S  F r ;  ?,{& SAMF t - ' UfL?.
DO 6 5 0  1 = 1 , 2 1
M0V6 4 = 1 + 6 3  
MPVd 5  = I  + 3 - 1  
f - n v l ^ e  = 1  + 1 ( 5
Mi ' v ' 159 = I  + 1 6 8
VQVlOC = 1 + 189
M O Y k l l  = I + 2 1 0
DC 6 4 0  J = l , 21  
JDUMMY = J  
5 40  C O N T I N U E
CA L L  D S F L A T ( Ü E F L A 2 , n i , D 2 , D 3 , D 4 ,  JDUMMY)
5 5 0  C O M I N U E
C USE D F r L A 2  FOI-: P , C  N 1 8c CAUSE CHESN ASSUMED GROWTH OF C P I = W P I
A S U U 5 ( I / J )  = C t ' A S E L R d ,  J ) * n i )
A S U 8 6 ( I , J )  = (  A L L Y k ( M I 1 V 6 4 , J ) / D £ F L A 2 )
S T R j d ,  J )  = ( ( C O £ F R ( I , I  )  ) * (  A L 0 G ( A S U B 5 ( T ,  J ) ) -  
1 A L U G C A S U B 6 ( I , J ) ) > )
A S U H 7 ( I , J )  = ( b A S E L C ( I , J ) * D l )
A S U 0 8 ( I , J )  = ( A L L Y R ( M 0 V 8 5 , J ) / D £ F L A 2 )
S 1 C 3 ( I , J J = ( ( C 0 E F C ( I , 1 ) ) * C A L Q G C A S U B 7 ( I , J ) ) -  
1 A L U G ( A S U H 8 ( I , J ) ) > )
A S U a 9 ( I , J )  = C B A S E L K I ,  J ) « D 2 )
A S U b l C ( I , J )  = ( A L L Y h ( M O V l 0 6 , J ) / 3 E F L A 2 )
S T I 3 ( 1 , J >  = { ( C 0 £ F 1 ( 1 , 1 ) ) * ( A L 0 G ( » S U H V ( I ,  J ) ) -  
1 A L 0 G ( A S U B 1 C ( I , J ) > ) )
5 6 0  C O N T I N U E
c
C C H E R N ' S  GAS P R I C E S  ARE ALREADY I N  6 7  $ AND ARE NOT D E F L A T E D .
C TESGAS I S  ONCE MOPE USED TO TEST  I F  NATURAL GAS I S  A V A R I A B L E  I N
C A DEMAND E ' j U A T l O f l  AS THE NATURAL  LOG OF ÜNDEF I N E D . Z E R O  I S
A S U B 3 ( I , J )  = B A G A S R { I , J ) * D 3  
A S U r j 4 ( I , J )  = t . L L V P ( M O V 1 6 9 ,  J )
5 7 0  C Q N I I N U E
I F ( C 0 E F R C I / 3 ) . L T . T F S G A S )  GOTO 5 3 0  
S I 3 4 C I / J ) = ( C C O E F R C I , 3 ) ) * ( A L 0 G C I 3 U 8 3 ( I ,  J ) ) -  
1 A L 0 G ( A 5 ' J B 4 ( I , J )  J ) )
GOTO 5 ^ 5  
5 8 0  C O N T I  .Niff:
S T R 4 ( 1 , J )  = O.C
5 9C C O N T I '-'JE
A S . I H 1 I ( I , J )  = ( ! ' * G A S r ( l , 0 )  * D 3 )
A S U , ) 1 1 ( I , J >  = ( A H . V n C V  I V 1 9 7 ,  J ) >
J F ( G  1 L F C U /  3 ) . L T . T L S G 6 S )  i l l T O  6 ) ?
j>l'C4C I ,  .1) = { ( C'iL' FC(  1 ,  3 )  >*  ( ALOG( A S U f i l l  I  I ,  J )  ) '
1 A L U G ( , \ . S U I ' : 2 (  I ,  J )  ) )  )
GOf  j  61  <.
601'  C O N T I  DUE
S T C 4 ( 1 , J )  = O. C  
6 1 0  r o ' J i i N u ; .
A S U f l  ( I ,  J  ) ='! i GA: - I  ( I ,  J )  * D 4  
A S U H 2 C 1 ,  J )  = ' ,LLV : ( M j v ; n , J )
6 2C C O N T I  NUr:
I F ( ; j : . F I ( I , 2 ) . L T . T T 3 G A S )  GOTO 630  
d  I  H  l y  J ) = ( ( COLF U  I ,  2 ) ) *  C ALOG( !.S Ub 1 ( 1 /  J ) ) -







1 \L'j H ) ))
GOT 3 64̂
6 30  c ü m i m j :;
S T l  4 ( 1 , 0 )  = 0 . r
6 4 0  C O N Î I N U I
6 5 0  C O N T I N n r  
6 6 C  C U NT I N ’ i i t
GOA L ;  ONLY I H i  ZNC k ü G I Û f .  I S  I N C L U D E D ,  5 0  THF PRÜHLEV 0'^ 
T A K I N G  THE NATURAL LOG OK ZERO D ' U S  NOT A S I S f .
CHAL l’ P . l CLS ARE d e f l a t e d  : J  1 0 6 7 5  I N  THE DATA F I L E
6 7 0
6 8 0
AND ARE AL READY I N  DOLLARS PER TON.
DO 69*3 1 = 1 , 2 1
DO 6 8 0  J = 1 , 2 1
M O V 2 3 2 = 2 3 1  ♦ I  
A S U t i l 5 ( I , J )  = B A C n 4 L ( I , . J )
A S U 3 1 6 ( I , J )  = A L L Y R C Î ' O V 2 3 2 ,  J )
1 F ( A S U B 1 6 ( I , J ) . L T . T E S G A S )  GOTO 6 7 0
5 T I 5 ( I , J )  = ( 0 . 0 S 9 ) * ( A L 0 G ( A S U B 1 5 ( l , J ) ) - AL O G ( a S U B I 6 {  I ,  J  )  )  )  
GOTO 6 8 0  
C O N T I N U E  
S T 1 5 ( I , J )  = O. C  







6 9 0  C ONT I NUE
THE f o l l o w i n g  LOUP COMPUTES F I N A L  DEMANO I N  EACH S T AT E AND S ECT OR,  
AND FOR EACH YEAR UF THE F O R E C A S T .  T H I S  LOOP ALSO I N C L U D E S  THE 
E F F E C T S  OF THE LAGGED DE PE NDE NT  V A R I A B L E .  DE MR CI  HAS BOTH 1 9 7 9  
AC T U AL  AND C H E R N ' S  FORECAST 1 9 7 9  E L E C T R I C I T Y  DEMAND AND I S  
ALREADY I N  M I L L I O N S  OF  K' »HRS.
7 0 0  c o n t i n u e  
J = 1
DO 7 1 0  1 = 1 , 2 1
S T k 6 ( I , J ) = C 0 E F R ( I , 4 ) * ( A L Q G ( D E M R C I ( I , 1 ) ) - A L O G ( D E M R C I ( I , 4 ) ) )  
S T C 6 C I , J ) = C 0 E F C ( I , 4 ) * ( A L 0 G ( D E M R C I ( I , 2 ) ) - A L 0 G ( D S M R C I ( I , 5 ) ) )  
S T I 6 ( I ,  J ) = C 0 t F I ( I , 4 > * ( A L O G ( D E M R C I ( I r 3 ) ) - A L O G ( D £ M R C I ( I , 6 ) ) )
7 1 0  C O N T I N U E
7 2 0  c o n t i n u e
J  MUST v a r y  SLOWEST  I N  THE F OL L OWI N G LOOP BECAUSE OF THE LAG 
V A R I A B L E  G ( T - l ) .
DO 7 4 0  J = l , 2 1  I J = 1 = > 1 9 8 0 ,  J = 2 1 = > 2 O C 0  
J J  = J  *  1 
DO 7 3 0  1 = 1 / 2 1
M O V 2 5 3 = 2 b 2  *  I  
M 0 V 2 7 4 = 2 7 3  ♦  I  
M O V 2 9 5 = 2 9 4  +  I
S T D I F R ( I , J >  = A L L Y R ( M Q V 2 b 3 , J )  
S T R 4 ( I , J >  + S T R 6 ( I , J )
» S I R K I / J )  + S T R 3 ( I , 0 )  ♦
C
c
S T D I F C ( I , J >  = A L L Y P ( M O V 2 7 4 , J )  *■ S I C 1 ( 1 , J )  *  S T C 2 ( I , J )  *- 
S r C 3 ( l / J )  ♦ S T C 4 ( I , J )  f  3 T C 6 ( I , J )
S T D I F I ( I , J )  = A L L Y ’' ' ( M O V 2 9 5 ,  J )  > S T I 3 ( I , J )  ♦ S T 1 4 ( I , . J )  *■ 
S T I 5 ( 1 , J )  + S T 1 6 ( I , J )
S T R 6 ( I , J J )  = ( C O E F R C I , 4 ) ' ( ( S T D i f R ( I , J )  ) -  
( A L L Y R ( M Ü V 2 5  3 , J > ) ) )
S T C 6 ( I , J J )  = ( C O E F C I I , 4 ) » C ( 3 T D I F C ( I , J ) ) -  
( A L L Y K { M O V 2 7 4 , J ) ) ) )
S T I 6 ( 1 , 0 J )  = ( C O h F l ( I , 4 ) • ( ( S T P I f I ( 1 / J ) ) ”  
( A L L V R C M 0 V 2 9 5 , J ) ) ) )
CONTI NU: :
7 40  C O M I R U t
7 5 0  CONT I N i / E  I s r D I F ( R , C / I )  CO":'! A I NS  F I N A L  ELECT P I C  I T  Y DEMAND
7 3 3
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c S'iuie li i a Li. U f. i : J ï >J > I C JVô r. T;. L- lu Anl T i II'-: T IC ' S
DC 7 7 0  1 = 1 , 2 1
DC 7 AC ,1 = 1 , 2 1
i T D l r k C I , J )  = 2 . 7 : 6 2 g l 8 * « ( S T D I ? U I , J ) )
S T D l r C ( I , . J )  = 2 . 7 i 8 2 6 1 H * * ( S r D I P : ( I , J ) )
S T D I F I C I / J )  = 2 ,  7 i o 2 B l d *  » (  S r D I I - ' l  ( I , . J  ) )
7 6 0  c C ' T i m 'j :
7 7 0  C G N T I N U c
C
c rHt .  F OL DÜ WI NG  SUMS UP S i C T l K V L  E L S C T P I C I T Y  DEM AND-  FOR EACH STATE
C AfiD Y E A P .
DO 7 9 0  J = l , 2 1
DC 7 8 0  1 = 1 / 2 1
i U r f - R ( j ) = C i l M : i R (  J l ^ - S T D l F P . d / J )
S t l M D C l J )  = SU: i DC(  J ) + S T D I F C ( I ,  J )
S U M D I ( J ) = S U M D I ( J )  + S T D I F I ( I / J )
S U . ' t R C I C J ) = S U ; i P C I ( J ) ^ S T L > I F ? . ( I / J ) * - 5 T D l F C ( I , J ) + S T D I F I ( I , J )  
S T D , P C I ( I / . J )  = S T O I F R ( I , J ) + s r D I F C ( I / J ) * S T D I F 1( I , J )
7 8 C  C O N T I N U E
7 9 0  C O N T I N U E
C
h R I T E ( 6 3 / 8 u C ) ( ( S T D I F R ( I / J ) / J = l / 2 1 ) / I = l , 2 1 )
8CC F C F . H A T ( / / / 1  X/  ' S T A T S  L E V E L  H E S I D E N I I A L  E L E C T R I C I T Y  DEMAND 
1 E Q U A L S ; ' / / / / ( 7 X , 2 1 ( I X / F 1 C . 2 ) ) )
W F . I T E ( h 3 / 8 1 0 )  ( S U V D R ( J ) / J = l / 2 1 )
8 1 0  F O R M A T d X /  ' T O T A L  ' / 2 1 (  1 X,  F I O  .  2 )  )
C
W k l T E { 6 3 / 8  2 C ) { { 5 T D I F C ( I / J ) , J = 1 / 2 1 ) , I = 1 / 2 1 )
8 2 »  F O R M A T A / / , I X , ' S T A T E  L E V E L  COMMERCI AL  E L E C T R I C I T Y  DEMAND 
1 E Q U A L S ! ' , / / ,  ( 7 X , 2 1 ( 1 X , F 2 0 . 2 ) ) )
V J R I T E ( b 3 , 8 3 0 )  ( S U M D C ( J ) ,  J  = l , 2 1 )
8 3 0  F O R M A T d X , ' T O T A L  ' ,  2 1 ( 1 X ,  F 2 0  .  2 )  )
C
W R I T E ( b 3 , 8  4 0 )  ( ( S T D I F I d ,  J ) ,  J = 1 , 2 1 ) , I = 1 , 2 1 J  
F O R M A T ! / / , I X , ' S T A T E  L E V E L  I N D U S T R I A L  E L E C T R I C I T Y  DEMAND 
1 e q u a l s : ' , / / ,  ( 7 X , 2 1 d X , F 2 0 . 2 ) ) )
W P l T E ( b 3 , 8  5 0 ) C S U M D I ( J ) , J = l , 2 1 )
F O R M A T C I X , ' T O T A L  ' ,  2 1 d X , F 2 0 .  2 )  >
W R I T E ( 6 3 , 8 b O )  d S T D R C I C I , J ) , J = l , 2 1  ) ,  1 = 1 , 2 1 )
6 6 0  F O R M A T ( / / , l X , ' S T A T S  L E V E L  E L E C T R I C I T Y  DEMAND FOR THE
1 C O MBI NE D R C & I  SECTORS E Q U A L S : ' , / / ,  ( 7 X , 2 1 d X , F 2 0 . 2 ) ) )  
W R I T E ( b 3 , 8 7 3 ) ( S U M S C I ( J ) , J = 1 , 2 1 )
8 7 0  F O R M A T d X , ' T O T A L  ' ,  2 1  (  I X ,  F 2 0  .  2 }  )
8 8 0  CONT I NUE
C
C COMPUTE E L E C T R I C I T Y  DEMAND GROWTH PAT ES FOR C O A L . F O R
J F I R S T  = 0 
J L A S T  = 1 
DO 9 0 Ç  J = l / 4
J F I R S T  = J L A S T  
J L A S T  = J L A S T  *  6 
DO 8 9 D  1 = 1 , 2 1
GRÜFAT = { A L O G ( S T D K C I d , J L A S T ) )  -  A L O G ( S T D R C I ( I , J F I R S T ) ) ) /
1 5
O U T G R U d ,  J )  -  ( 2 . 7 1 8 2 8 * * G R 0 R A I ) - 1  
8 9 t  C O N T I N U :
9 0 0  CONT I NUE
W R I T E !  3 3 ,  9 1 0 )  (  ( OJTGP,  i d ,  J )  /  J  = 1 ,  6 ) /  I  = 1 / d  




C sur ROUT IN,: : DEFL.VTr PRICES
c
8 4 0  
8 5 0
C
S U D - O i r i . '  "  DR FLA"'  ! D F 2 , D D 1 , D D 2 ,  D D 3 / D D 4 ,  JD )
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c Lr . KL* . 2 I N  T' Ic SA' i - ,  H" JP S C N I  BSC4ÜSE THE S T A R T I N G
C VAL UES  ** fD GBO^TH P A T t S  aL P l TH'£ 3 A p r ,
C THE C P I  AND 4,'P I  = 1 , 7  [N 1 9 7 6  ( 1 9 6 7 = 1 . 3 ) ,  S :
C 2 . - i 2 Ç  = ( 1 . 7 ) * ( 1 . G 7 ) * ' * 4
DF2 = ('
D U l  =
n n 2  =  ».
0(13 = ».
DO 4 = Il 
JDSL' R = JD
I K ( J D S » J O . G I  . 1  )  GüTO I C  
D F 2 = 2 . 2 2 8  ! 1 9 6 0  
GOTO 4''
1C C O N T I N U E
I F ( J D S l ’ B . G T . 6 )  GUTO 2C
J D S U B  = J D S UB -  1 ! HAVE T ü  ( - 1 )  SU T H A I  l 9 o l = I  
D F 2 = ( 2 .  2 2 8 ) * {  ( 1 . ü 6 ) * ' ' J D 3 U B )  I 1 9 8 1 - 1 9 8 5  
GOTO 40 
2ü CON T I N U E
I F ( J D S U B . G r . l l )  GUTO 3C 
J D S U B = J û 3 U 8 - 6  I HAVE TO ( - 6 )  SO 1 9 8 6 = 1  
D F 2 = ( 2 . 9 8 2 ) » ( ( 1 . 0 5 ) * * J D S U B )  l 1 9 8 6 - 1 9 9 3  
GOTO 49 
3 3  C O N T I N U E
J D S U B  = J D S ü B - 1 1  I HAVE TQ ( - 1 1 )  3 0  THAT 1 9 9 1 = 1  
D F 2 = { 3 . 8 0 6 ) * ( ( 1 . 0 4 ) * * J D S U B )  I 1 9 9 1 - 2 0 0 3  
40  CON T I N U E
C TO D E F L AT E  1 9 7 9  P R I C E S  TO 1 9 6 7  $ THE C P I  AND WPI
C OF 2 . 1 7 4  AND 2 . 1 5 9  WERE USED.
D D l  = I  / ( 2 . 1 7 4 )
DD2 = 1 / ( 2 . 1 5 9 )
DD3 =  D D l  
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1 9 4
1. Compute Ceiling (J: U,
Uc = 0 .8 7 5 /{ l /U p  + A • R^) + 0 .125 / (1/Up + S), [E-1]
where = thermal conductance of ce i l ing ,  computed,
U = thermal conductance of ceil ing without insulation or 
j o i s t  adjustment; set equal to 0.485 (Duff ie ld,  1977),
A = insulation thickness, inches,
R = thermal resistance per inch of insulation; set equal to 
3.14 (Leckie, et a l . ,  1981), and
S = thermal resistance of ceil ing jo is ts ;  set equal to 6.88 
(Petersen, 1974); 0.875 and 0.125 are weights for the 
nonjoist and jo is t  areas, respectively (Petersen, 1974).
2. Compute a t t i c  temperature: Tatt ic
T a tt ic  = [(Uc • T^) + (1.0144 • T^)]/(Uc + 1.0144), [E-2]
where T a t t ic  = computed a t t i c  temperature,
= inside a i r  temperature; set equal to 65° F,
T = outside a i r  temperature, see Table 30,
1.0144 = (2.06) • (0.44) + (0.1) ■ (60) • (0.24) • (0.075),
2.06 = ra t io  of the roof surface area to ceiling surface area 
0.44 = U-value of the roof (Moyers, 1971),
0.1 = a t t i c  venti la t ion  rate of 0.1 CFM/Ft^ (Moyers, 1971),
60 = minutes per hour,
0.24 = specific heat of a i r ,  BTU/lb (F) (Petersen, 1974), 
0.075 = density o f  a i r ,  pounds per Ft^ (Petersen, 1974).
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3. Compute hourly heat loss: Hour HL
1 9 5
Hour HL = • (T^ - T a t t i c ) . [E-3]
4. Compute annual heat loss: Annual HL
Annual HL = Hour HL • HDD • 24, 
where HDD = heating degree days (see Table 30).
[E-^4]
Determine optimal level of ce i l ing  insulation (Petersen 1978): 
optimization c r i te r io n  is to minimize (MIN) L ife  Cycle Costs"
T l c c T
MIN (LCC = insulation costs + energy costs), [E-5]
where insulation costs (1980 $) = a level of insulation X and
energy c o s ts (e le c t r ic )  = determined by (Marshall and Ruegg,
1980):






l i f e  cycle energy costs,
1 + ( m ) " [E -6]
current year energy costs to space heat a 1,500 square 
foot she lter  with insulation level X,
e le c t r ic  price escalation r a t e - - r e a l , and 
discount r a t e - - r e a l .




d  ̂ LCC
d X
> (j). [E-8]
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